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ABSTRACT 
Two neighbouring areas for the present investigation 
have been selected around Matoon as well as Dakan Kotra, Udaipur 
district, Rajasthan, where phosphorite deposits are reported to 
occur more or less on an economic scale. An attempt has been 
made to study the structure, grade of metamorphism, mode of 
occurrence, petro-mineralogy, stromatolitic assemblages, geo-
chemistry of the deposits and present a model for their origin. 
The phosphorite deposits of both the areas are associated 
with a thick succession of Precambrian metasedimentary rocks 
belonging to the Aravalli Super Group of Rajasthan. The 
Aravalli Super Group is underlain by Banded Gneissic Complex. 
The rock encountered in the areas are constituted mainly of 
quartzites, dolomitic limestone, marble, lithic quartzite and 
phyllites, which are considered to be the product of low grade 
regional metamorphism. The general strike trend of the rocks 
is NNE-SSW direction. They have dominantly westerly dips at 
steep to moderate angles. All the three subdivisions of the 
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Aravalli Super Group, viz., Debari, Matoon and Udaipur Forma-
tions occur in the area. The phosphorites occur in the Matoon 
Formation. 
The rocks encountered in Matoon are composed mainly of 
dolomitic limestone or marble, calcareous grit, orthoquartzite, 
cherty brecciated quartzite, phosphorite and phyllites. The 
important rock types of Dakan Kotra include cherty brecciated 
quartzite, dolomitic marble, calcareous quartzite, phosphorite 
and phyllites. 
The order of superposition and nature of the rock types 
suggest that they are normal Aravalli geosynclinal deposits of 
Pre-cambrian age. Most of the rocks originated in a shallow 
marine water environment. Initially, the marine phosphorus may 
have been derived from the older terrestrial Banded Gneissic 
Complex as a result of chemical decay of its phosphate minerals. 
Marine upwelling caused the concentration of the phosphatic 
minerals over the shelf areas of a more or less restricted basin 
of deposition occupying some arms of the pre-existing sea. 
The following six varieties of phosphorites are recognised: 
1) Columnar stromatolitic 
2) Laminated stromatolitic 
3) Fragmental stromatolitic 
4) Massive bedded 
5) Nodular 
6) Pelletal 
The stromatolitic species namely Collenia columnaris, 
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Collenia baicalica, Collenla kusieneis, Collenia symmetrica, 
Baicalica prima/ Kin j aria calceolata and Weedia are identified 
and described. The stromatolites are classified on the basis of 
their geometry and presented as follows: 
i) LLH-S ... LLH-C 
ii) LLH-S ... SH-V 
iii) SH-V ... LLH (C & S) 
Microscopic examination of the phosphorites supported by 
X-ray diffraction analyses reveal that collophane, francolite 
and dahllite are the dominant phosphate minerals. Calcite, 
dolomite and quartz are the chief gangue constituents of the 
ore. Other minerals identified include chert, muscovite, 
feldspar, geothite, illite, etc. It is suggested that these 
phosphorites are the products of progressive replacement of 
initially developed algal carbonate structures by collophane. 
Infra-red spectral studies reveal the presence of structural 
CQ3 and OH ions in these phosphate rocks. Discrete carbonate 
has also been detected in Dakan Kotra phosphorite. 
The bulk chemical composition of the phosphate rocks reflect 
varying degrees of the dilution of phosphatic mineral by other 
constituents. On the basis of 10 cations, the ionic composition 
of the phosphorites has been calculated and the computed 
formula corresponds to the ideal carbonate fluorapatite. The 
Matoon phosphorite is distinctly a carbonate fluorapatite,the 
chemical formula of which is: 
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C a l0.01<P 04>4.7 (C03>1.42 ( F 1 . 7 5 ' 0 H1.14J 
The Dakan Kotra phosphorite may indeed be referred to as carbonate 
bearing hydroxyl-fluorapatite,whose formula i s : 
C a9.83 ( P 0 4 ) 2.22 ^h.BS ( 0 H 4 . 8 3 ' F 0.54 ) 
Deficiency of P04 and excess of CO., and OH in the phosphate 
mineral may possibly be due to greater subs t i tu t ion of PO. by 
C03 and OH. Replacement reaction involving carbonates may 
possibly be responsible for increasing CaO/P^Oe, CaO/MgO and 
C 02 / / P2°5 r a t i o s -
The f ixat ion of t r ace elements l ike Ag, Cd, Cr, Co, Cu, Ni, 
Pb, Th and Zn seems t o be geochemically control led by the b io-
genic a c t i v i t y a t shallow marine environmental condit ion. Sr, 
V and Th seems to be s t r u c t u r a l l y combined in a p a t i t e l a t t i c e , 
whereas Cu, Ni, Co are associa tes of s i l i c a t e minerals . Ga, 
Li and Rb are mainly associated with the l a t t i c e of clay 
minerals . The Th/U r a t i o suggests s l i g h t l y reducing t o f a i r l y 
oxidizing condit ion. 
Factor-Vector analyses of the phosphorite geochemistry 
suggest co-precipi ta t ion of calcium carbonate and calcium 
phosphate and simultaneous replacement of calcium carbonate by 
calcium phosphate. The simultaneous p rec ip i t a t ion of carbonates, 
phosphates and s i l i c a t e s ind ica te var iable pH condi t ions . 
De t r i t a l supply seems to be very low. 
The accumulation and deposition of phosphorite in a part of the 
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Aravalli basin have largely been guided by geologic, biogenic 
and chemical controls. The proposed model of origin of the 
phosphorites of Matoon and Dakan Kotra is based on the various 
observations made and conclusions drawn through a study of their 
structure, stratigraphy, mineralogy, petrography, stromatolites 
and geochemistry of major and trace elements. 
The model envisages deposition of the phosphorites in a 
shallow intertidal to shallow subtidal marine environment where 
the growth of algal stromatolites initiated their accumulation 
in addition to varying precipitation by almost contemporaneous 
and progressive replacement of early formed carbonates by 
calcium phosphate. The occurrence of a variety of phosphorites 
in the deposits appears to be related to some environmental 
change in the sites of deposition followed by structural 
disturbances. 
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Chapter I 
INTRODUCTION 
General statement 
The phosphorite deposits of Matoon and Dakan Kotra, 
Rajasthan State (Fig. 1) were first reported from the Precarnbrian 
Aravalli Super - Group of metasedimentary rocks occurring near 
Udaipur town in Rajasthan State/ by the officers of the 
Geological Survey of India in early 1967. In spite of their 
geological as well as economic interest, the deposits of the 
area have drawn little attention of the earlier workers. The 
present investigation may, therefore, be considered as the first 
serious attempt to study the deposits from the viewpoint of 
their origin. 
Location and accessibility 
The phorphorite deposit of Matoon is located (24 33* : 
73°47') at a distance of about 14 km east of Udaipur and included 
within the one-inch toposheet No. 45 H/14 of the Survey of 
India. The area is approachable from the Udaipur town by a 
metalled road connecting the famous Jhamar Kotra phosphorite 
deposit of Rajasthan. The area is also connected with the Debari 
Zinc Smelter by a 7-km motorable road, about 10 km SW of Matoon. 
The Dakan Kotra phosphorite deposit is located at a distance of 
13 km SSE (24o30,:73°44') of Udaipur town and covered within the 
Survey of India Toposheet No. 45H/11. Udaipur is connected with 
all the major cities of the country by rail. There is also an 
air service between Udaipur and Delhi and the nearest aerodrome 
is Dabok, about 23 km from Udaipur. 
Climate 
The climate of the Udaipur region is semiarid with an 
average annual rainfall of 625 to 750 mm confined between July 
and September. The maximum temperature during the pre-monsoon 
period touches 49 C. The diurnal temperature fluctuation is 
sometime as high as 22°C. Temperature during winter months of 
December and January sometime falls below 5 C. Several lakes 
in the vicinity of Udaipur (Fatehsagar, Pichola and Udaisagar) 
influence the local moderate climate. 
Topography 
Physiographically/ Rajasthan is divided into four regions/ 
bearing a close relationship with the geological history of the 
State, namely: (i) Western desert plains, (ii) Aravalli mountain 
range, (iii) Eastern plains and (iv) Vindhyan Plateau to the 
south-east. 
The Aravalli mountain range of Rajasthan is considered to 
be the oldest Precambrian mountain chain of India, made up of 
folded rocks typical of a geosyncline. The highest peak, called 
Guru Sikhar, 1,700 metres above M.S.L. is on the mount Abu. The 
other higher parts of the Aravalli range in Central Rajasthan 
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l i e between the Fort of Kumbalgarh (25°8':73°35') and the town 
of Gogunda (24°46*:73°32') a p la teau, loca l ly cal led the 
Bohrat, lying at a elevation of 1/000 metres, though a t places 
i t reaches over 1,600 metres above M.S.L. The elevation of the 
north-west of Udaipur c i t y touches 1,500 metres above M.S.L., 
sloping down gradually to the north-east and south-west along the 
axis of the range. The Eastern pla ins to the east of the 
Avaral i i range cons t i tu te a vast undulating, hummocky area. 
The phosphorite deposit of Matoon i s located on the h i l l 
which trends NE-SW, r i s ing nearly 100 metres above a green 
cu l t iva ted val ley on the west of the h i l l and a barren waste land 
on the eas t . The Dakan Kotra phosphorite deposi t l i e s in an 
almost undulating f l a t t e r r a i n with i so la ted h i l locks in the 
southern and eastern p a r t s . I t i s bounded by a s teep east-west 
running q u a r t z i t i c r idge on the south. 
Drainage and Vegetation 
The area occupied by the Aravalli range, pa r t l y forms one 
the 
of the main watersheds of India, which divides/drainage t o the 
Bay of Bengal from the Arabian Sea. The watershed passes along 
the centre of the range from Ajmer t o the south-west upto 
Kumbalgarh, where i t swings to the south-east for some dis tance 
and passes through Udaipur c i t y . The streams emanating from 
the north and nor th-east of Udaipur c i ty flow in to the Banas 
through i t s t r i b u t a r i e s . 
The area of Matoon i s drained by a nala (small stream) which 
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is a tributary of Ahar river that feeds Udaisagar lake and 
empties to Jaisamand lake when Udaisagar lake overflows. The 
Dakan Kotra area is drained by small seasonal streams which 
flow in a northerly direction. Water is generally scarceduring 
the dry months in Udaipur. The Matoon valley, however, is very 
green even during dry months. 
The vegetation is restricted to the soil-covered ground and 
includes mostly Thor (Euphoriba nivalis), 3er (Ziguphus jujuba), 
Dhak (Buteg fron Dosa), Babool (Acacia arabica), and Neem 
(Azadivacleate). Cultivated lands form the northern and eastern 
boundaries of Dakan Kotra block and the western portion of 
Matoon. 
Status of Matoon and Dakan Kotra phosphorites 
The discovery of phosphorite deposit near Birmania, Jaisalmer 
district, Rajasthan, in March, 1966, encouraged a widespread 
exploration for phosphorite in Rajasthan. The search for 
phosphorite in the region was based mainly on its typical litho-
association of dark shale, chert and carbonate rocks as well as 
the existence of a geosyncline (continental shelf area) bordering 
the craton, which are considered to be the most favourable area 
for the deposition of phosphatic material. Recent work by the 
Geological Survey of India in Udaipur area of Rajasthan indicates 
that the Aravalli sequence around Udaipur is typically geo-
synclinal and that its litho-associates and tectonic framework 
were favourable for the deposition of phosphatic material. A 
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detailed prospecting was taken up in area east and south-east 
of Udaipur city in March 1967, and within a shorter period a 
few phosphorite horizons were located in this area. They are 
the the first recorded occurrence of sedimentary phosphorite in 
this Precambrian rocks of India. The special importance of 
these newly discovered phosphorite deposits is that they are 
located within 15 km of the super-phosphate plant of Hindustan 
Zinc Limited near Debari. The investigation subsequently 
resulted in the discovery of phosphorites near Kanpur, Matoon, 
Karbaria-ka-Gurha, and Dakan Kotra in Udaipur district/ Rajasthan, 
in 1967 by the Geological Survey of India. This was followed by 
a discovery of phosphorites near Jhamar Kotra, and smaller 
deposits near Sisarma, Neemachmata and Badagaon in Udaipur 
district by the Department of Mines and Geology, Government of 
Rajasthan. 
The phosphatic horizon near Matoon is traceable over a 
strike length of 3 km with thickness varying from 0.5 to 20 
metres. The major part of the deposit is associated with 
brecciated cherty or jaspery quartzite. Exploratory work by 
the Geological Survey of India and Hindustan Zinc Limited 
indicated that the estimated reserve of phosphorite with 20 to 
30 per cent P2°5 i s 9*4 million tonnes. The mine at Matoon is 
being developed by Hindustan Zinc Limited. 
The Dakan Kotra phosphate deposit was discovered in May 1967. 
The deposit has lenticular patches of phosphorite associated with 
grey, dark and bluish dolomite and also with cherty quartzite. 
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The phosphatic material is mainly confined to algal structures 
and occurs mainly as well-defined stromatolitic bodies in 
dolomitic limestone. The phosphorite horizon is traceable over 
a distance of 750 metres, about 2 km west of Dakan Kotra. Another 
occurrence of phosphorite was reported just to the west of 
Dakan Kotra on a small hillock. It is traceable for a distance 
of about 400 metres along the strike. 
The P2°5 concentrationsvary from 15 to 20 per cent and the 
reserve is estimated at 2 million tonnes by the Geological Survey 
of India. 
Scope and purpose of investigation 
With a view to shed some light on the origin of phosphorite 
deposits of Udaipur region, the present investigation has been 
taken up. The present work by the author has been directed not 
only to study the stratigraphy, structure, etc., of the area but 
also to make a detailed investigation of phosphorite with respect 
to their geochemistry, mineralogy and the probable nature and 
origin of phosphorite. 
Previous work 
Hacket, C.A. (1881) was the first to propose the name 
Aravalli System to the rocks composing the Aravalli mountain 
range in Rajasthan. He prepared a geological map and classified 
the rocks belonging to this System, exposed around Udaipur, 
central part of Mewar and south Chittorgarh. According to him, 
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being 
the rocks of the Aravalli rock group in spite of/more argilla-
ceous have close lithological similarity with/Dharwarian rocks. 
In the present century, Latouche, T.H.D. (1902), Heron, A.M. 
(1917, 1922, 1935, 1936 and 1953), MLddlemiss, C.S. (1921), 
Crookshank, H. (1948) of the Geological Survey of India and 
several others carried out a systematic geological mapping 
in the parts of Rajasthan. Heron (1953) mapped an extensive 
tract in Rajasthan and suggested a four-fold classification of 
the Precambrian rocks of Rajasthan on the basis of three prominent 
erosional unconformities. He classified them into (i) Banded 
and streaky gneisses and granites grouped under Banded Gneissic 
Complex which was considered to be the part of the primordial 
crust and basement, (ii) argillaceous group of rocks consisting 
of mainly phyllites, schists, dolomite, quartzites, etc., grouped 
under the Aravallis, and (iii) rocks of Delhi System comprising 
of quartzites, schists, limestone, etc., of the Alwar age. 
Straczeck, J.A. et al. (1951-54, unpublished report, G.S.I.) 
conducted detailed survey df the area and classified the meta-
sediments of Udaipur region into Sisamagra and Titri series. 
Poddar et al. (1959-63, unpublished report, G.S.I.) extended the 
work of Straczeck et al., and mapped their northern and southern 
continuations. Poddar, B.C. (1965) established the stratigraphic 
position of the Banded Gneissic Complex and classified the 
rocks with Aravalli Super Group in Udaipur region. 
Recent work around Sarara inlier (Venkatesh, V. et al., 
1959-60; Poddar et al./ 1963-65; Iqbaluddin, 1966-68, unpublished 
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reports/G.S.i.) has revalidated Heron's interpretation by some 
elaborate data on the geometry, structure and mutual relation 
between the litho-units of the basal formation of the Aravallis. 
The unconformable relation between the Aravallis and the 
basement has been confirmed by Mathur, R.K. (1963-64) and 
Iqbaluddin (1965-66, unpublished report, G.S.I.) with a note 
on the indications of basement mobilization. Poddar and Mathur 
(1965) suggested repetition of sequence of graywacke-slate-
phyllites in the Aravalli System in and around Udaipur. 
Gupta, B.C. (1934) and Heron (1936) considered Bundelkhand 
gneiss (Rajasthan) as the basement for the surrounding meta-
sediment, which they referred to as Gwalior facies of the 
Aravalli System. Revisional mapping carried out by Geological 
Survey of India in the area has brought out that the granite is 
intrusive into the metasediments and the metasedimentary sequence 
is older than the Aravallis (Raja Rao,C.S. and Iqbaluddin, 1966; 
Raja Rao, 1967). 
The Aravalli rocks of Rajasthan have attracted the attention 
of geologists since the discovery of phosphorite in the Udaipur 
district, Rajasthan. Since 1967,. a number of valuable contribu-
tions on phosphorite were made by different authors, viz., 
Muktinatn (1967), Muktinath and Sant,V.N. (1967), Muktinath 
et al. (1969), Chatterjee, G.C. (1968), Banerjee, D.M. (1971) 
and others from the Geological Survey of India, who gave 
summaries of the work done in various phosphorite deposits of 
Udaipur namely at Kanpur, Matoon, Karbari*ka-Gurha and Dakan 
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Kotra. The Department of Mines and Geology, Government of 
Rajasthan, also took the lead and discovered several important 
phosphorite deposits in Udaipur district at Jamarkotra, 
Neemach Mata, Sisarma and Badagaon in the year of 1968. Sethi 
M.L. (1969), Srivastava, S.B.L. and Dwivedi, C.S. (1975), 
Singh, J.N. and Bafna, P.C. (1977) gave detailed investigation 
reports of Jhamarkotra phosphorite deposits. 
In recent years the geology of the phosphorite deposits 
around Udaipur has been described by Banerjee (1971) and gave an 
outlined Debari formation, Matoon formation and Udaipur forma-
tion forming the Aravalli Super Group of rocks. According to 
him the phosphorite deposits are mainly confined to the Matoon 
formation. 
A concise and systematic study of the Aravalli stromatolites 
has been carried out by Muktinath and Sant (1967), Raja Rao, 
Iqbaluddin and Mathur (1968), Chauhan, D.S. (1970, 1973), 
Banerjee (1971), Verma, K.K. and Barman, G. (1975) and Barman 
et al. (1978). 
Chauhan, D.S. and Amstutz, G.C. (1975), and Pandya, M.K. and 
Chauhan (1976) suggested subtidal to supratidal setting of 
th« 
Udaipur phosphorite and the chemogenic composition of/phosphorite 
bearing stromatolites. 
Petrographic studies from parts of Udaipur phosphorite 
deposits were carried out by Choudhury, R. et al. (1968), 
Rao, N.K. and Rao, G.V.U. (1971), Chatterjee, P.K. and 
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Mukherjee, 3. (1971) and Trueman, N.A. (1974). funeralogical 
studies of Matoon and Kanpur phosphorites by Choudhury et al. 
(1968) indicate the carbonate fluorapatite as the most common 
phosphorite mineral. They suggested that the phosphate mineral 
formed as a result of the substitution of carbonate and hydroxyl 
group in fluorapatite lattice. 
Methods and presentation of work 
The present investigation is based on the following: 
1. Field investigation 
The total duration of field work in the study area was for 
more than 10 months. Geological maps of the deposits were 
prepared on a scale 1:1000 and 1:2000. Representative hand 
specimens and samples were collected carefully for the petro-
graphic, mineralogic and chemical analyses. All field photo-
graphs were taken by the author. 
2. Laboratory methods _qf study 
i) Chemical Analyses of Rock Samples for Major Elements: 
The chemical analyses were carried out systematically for 
determining fourteen major constituents of the phosphate and 
other associated rocks according to the procedure followed by 
Shapiro, L. and 3rannock, VJ.W. (1962). The procedure followed 
are descrioed briefly as follows: 
The rock samples were powdered to 300 to 400 mesh and 
solutions 'A' and »3' were prepared for.the determination of 
various major oxides. Solution 'A' was used for the determination 
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of Sio2 and Al_03. 0.1 gm of the sample and standards were 
decomposed by fusion with NaOH (16 pellets) for five minutes in 
a nickel crucible. Some water was added after the melt cooled 
down and allowed to stand overnight till the melt disintigrated 
completely. Contents of each crucible were transferred to a 
one-litre volumetric flask and solutions were acidified with 
20 ml of 1:1 HC1 and made upto the volume. 
Solution *B' was used for the determination of Fe~0 , CaO, 
Mgo, Ti02' M n 0 / Na2° a n d K2°* T h e Powdered sample (0.5 gm) was 
moistened in a platinum crucible with one or two drops of 
concentrated ^2SQA a n d 25 t o °^ m;L of hydrofluoric acid. The 
crucible was kept with lid on over a steam bath. After one 
hour the lid was removed and the sample was allowed to be 
dried completely. The residue was transferred to 400 ml vycor 
beaker/using a minimum of water. The beakers were placed on a 
hot plate and heated till the fume of SO- was driven off 
completely. Ten ml of HN03 was then added and the beakers were 
replaced on a hot plate. Each beaker was allowed to be heated 
till strong fumes evolved and any fume colour due to organic 
matters disappeared. Black precipitate of organic matter was 
removed by adding four drops of HClO.-HNO-j (1:1) mixture. 
Hydrazine sulfate (0.2 per cent) was used to remove the brown 
precipitate of Mn0„. The solutions were cooled to room 
temperature and transferred to 250 ml volumetric flasks and 
diluted to the volume. 
Silica was determined by 5 ml of 'A' regent blank solution, 
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5 ml of each standard solution and 5 ml of each sample solution 
placed in 100 ml volumetric flasks. One ml of ammonium molybdate 
solution (3.75 gm ammonium molybdate in 45 ml of water + 5 ml of 
1:1 H So.) was added with a pipet and the solution allowed to 
stand for 10 minutes. Tartaric acid solution (10 per cent), 
four ml and one ml of reducing solution (0.7 gm of sodium-
sulfite in 10 ml of water and 0.15 gm of l-amino-2-nephthol-4-
sulfonic acid were mixed and dissolved (A). 9 gm of sodium 
bisulfite was dissolved in 90 ml of water (B). Then B was added 
to the solution A and mixed thoroughly. The content was diluted 
to volume, mixed well, and allowed to stand for about 30 
minutes. The transmittance at 640 mu was determined and 
calculated to si0^ per cent. 
Alumina was determined by measuring the transmittance at 
475 mu. 15 ml of 'A' reagent blank solution, 15 ml of each 
standard solution and 15 ml of each sample solutions were 
placed in a series of evaporating dishes. The content was 
evaporated to dryness on a steam bath and to each dish 15 ml of 
solution 'A* reagent blank solution was added and heated for few 
minutes on a steam bath to dissolve the salts. The contents 
were placed in a series of 100 ml volumetric flask and 2 ml of 
calcium chloride solution, one ml of hydroxylamine hydrochloride 
solution (10 per cent), one ml of potassium ferricyanide 
solution (0.1 per cent) and 2 ml of thioglycolic acid (4 per 
cent) were added and allowed to stand for five minutes. 10 ml 
of buffer solution (100 gm of sodium acetate in water, 30 ml 
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of glacial acetic acid and diluted with 500 ml of water) was added 
to each flask, mixed and allowed to stand for 10 minutes. 10 ml 
of alizarin red-S solution (0.05 per cent) was added with a pipet 
to each flask, diluted to the mark and allowed to stand for about 
one hour. The per cent transmittance at 475 mu for each solution 
was determined using the blank solution as a reference. 
Total iron was determined oy 5 ml of standard iron solution 
and 5 ml of each sample solution B in a series of 100 ml 
volumetric flasks. An additional flask was used for the prepara-
tion of reagent blank solution. 5 ml of hydroxylamine hydro-
chloride (10 per cent) was added to each flask and allowed to 
stand for 10 minutes. To each flask 10 ml of 1-10 phenonthroline 
solution (0.1 per cent) and 10 ml of sodium citrate (10 per cent) 
were added and diluted to 100 ml with water. After one hour the 
per cent transmittance at 560 mu was measured. 
Titanium (Tio2) was determined taking equal amounts of 
solution 3, and reagent (50 ml of 1:1 H 2 5 0 A + -*° m^ of phosphoric 
acid and 400 ml of hydrogen peroxide). The transmittance was 
measured at 400 mu below 26 C temperature. 
Manganese (MnO) was determined by placing 20 ml of standard 
solution, 20 ml of each sample solution '3' in a series of 100 ml 
beakers. Phosphoric acid 0.5 ml, sulphuric acid 25 ml (1:9) and 
2 gm of potassium periodate were added to each beaker and heated 
on a sand oath till pink colour appeared. The content was cooled 
down and made up to the volume (100 ml). The transmittance was 
measured at 525 mu. 
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Potassium oxide and sodium oxide were determined by the 
flamephotometer method in which lithium was used as an internal 
standard, "fith a pipet 25 ml of solution 3 was placed to a Pyrex 
beaker, and 25 ml of water and 50 ml of the internal standard 
solution containing 200 pom of lithium were added. Stock solutions 
of KC1 and NaCl of 0.5 to 10 per cent were prepared. The recorded 
readings by flamephotometer are proportional to the concentra-
tions of potassium in standard and sample solutions. The concen-
tration of potassium as K 0 was calculated. Na_0 was determined 
in the same way as for K 0 (Shapiro,L. and Brannock, W.W., 1962). 
Calcium (CaO) was determined volumetrically in which calcien 
indicator and SJTA solution ware used. ,.Tith a pipette, 25 ml of 
sample solution 3, 25 ml of standard solution and 25 ml of blank 
solution were placed in a series of conical flasks. Hydrochloric 
acid (1:1) 25 ml, triethanolamine (1:1) 5 ml, 2/3 drops of 
polyvinyl alchohol (1 per cent) and screened calcien indicator 
20 to 50 mg were addea and diluted to approximately 200 ml. Five 
ml K0H (30 per cent) was added to the content and titrated with 
EDTA solution (0.01 >!) with constant stirring till the colour 
changed from greenish blue to purple. The CaO per cent was calcu-
lated by using formula: 
a x Vl a 
CaO % = -—±~ = V, x -2- = 1.1216 
LV X W 
= Vx = 1.1216 
where a = '--kj of CaO equivalent to one ml of £0TA 
V, = iSJTA used in titrating 25 ml of solution 'B' 
w = weight of sample (gm) 25 ml of solution '3' 
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Magnesium (MgO) was also determined volumetrically by the 
solution 3. With a pipet 10 ml o± sample solutions '3* were 
placed in a series of conical flask and 20 ml of ammonium chloride 
containing methyl red (15 per cent) solution was added and 
neutralized with ammonium hydroxide till the pink solution turned 
yellow. The content was diluted to 25 ml and allowed to stand 
for aoout 15 minutes. Filtered the precipitate and in the 25 ml 
filtrate, first 100 ml of water and then 10 ml of buffer solution 
(66 gm of ammonium chloride in one litre of 1:1 ammonium 
hydroxide) were added. Using Eriochrome black-T indicator 
titrated against ^IDTA till it turn greenish olue. MgO per cent 
was calculated by using the formula: 
MgO % = (25 V2- VL) x 0.4032 
Volume of J2DTA for CaO + MgO = V 
Volume of £JG?rt for CaO = V.. 
The P2°5 c o n t e n t w a s determined colorimetrically. 0.5 gm 
or the sample powder was digested in HN03, boiled, filtered and 
diluted to 100 ml. 5 ml of the solution was placed in a series 
of volumetric flask and 5 ml Nai" (12 grn/litre) and 10 ml of 
vandium molybdate solution (A - 1.25 gm ammonium vanodomolybdate 
dissolved in 400 ml water and 250 ml HN03 was added, 3 - 25 ml 
of ammonium molybdate mixed in 300 ml of water. The solution 3 
was mixed in solution A and diluted to one litre) was added and 
diluted to 100 ml. The yellow colour was measured at 450.5 mu 
for Po0c and calculated by chart (prepared by taking reference 
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of standards from 1 to 40 per cent P2°5^* 
The p2°5 c o n t e n t °£ the samples was also determined 
volumetrically, which showed almost the same results as obtained 
colorimetrically with the exception recorded in a few samples 
having a variation of 0.25 per cent P2°5* 0 # 5 ^ of t h e sample 
powder was taken in to a 250 ml volumetric flask and HMO- xvas 
added, boiled, filtered and diluted to the mark. When ammonium 
molybdate solution was added to a 50 ml solution of a yellow 
precipitate of phospho-ammonium molybdate was formed. The 
precipitate was filtered and washed with cold water and titrated 
against tv4'/].0 NaOH using phenolphthaline solution. The exact 
volume of NaOH consumed was indicated oy pink colour which gave 
the percentage of phosphorus on multiplication with 0.000135 
factor. The ¥?0c percentage of each sample was obtained by 
multiplying the consumed NaOH volume oy 2.29. 
Ferrous iron (?e0) was determined volumetrically in which 
standard dichromate solution with diphenylamine sulphonic acid 
was used as an indicator. 0.5 gm of the sample was placed in a 
platinum crucible and 10 ml of H ? s 0 . (1:3) and 5 ml of Hi? were 
added and the solution was heated for about 10 minutes on a 
sand bath. The content of the crucible was than transferred in 
a one litre beaker containing aoout 10 gm of boric acid, 20 ml 
of H iO. (1:3), 15 ml of indicator and 5 ml of spike solution. 
The content was thoroughly mixed and titrated against potassium 
dichromate (2.728 gm K C r ^ in two litres of water) till the 
solution turned to purple colour. 
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FeO = Volume o£ K Cr 0? - 0.5 x K 
FeO % = .Z x 0.4 
Fluorine is a normal chemical constituent of the phosphate 
rocks in which its concentration ranges from zero to about 4 per 
cent. 0.5 gm of the sample powder was digested with 20 ml of 
acetic acid (10 per cent) in order to remove C0_. The precipitate 
was filtered and washed with hot water and ignited in a platinum 
cruciale and weighed. Hydrofluoric acid was added to remove 
silica and the remaining mass was fused with Na_C0.,, boiled with 
water and the content was filtered in a 250 ml beaker and then HC1, 
NH CI and NH.0H were added to precipitate Fe-CL. Ammonium oxalate 
was addea to the filtrate in order to precipitate calcium oxalate. 
The residue was transferreJ to a beaker and dissolved in H.b'0, 
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and t i t r a t e d a g a i n s t KMh04 (K/10) . Trie f l u o r i n e as CaF was 
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c a l c u l a t e d oy us ing mul t ip ly ing f a c t o r 0.002804 x • -g - x 2 x JQQ 
= 'A CaF or one ml N/ lo KMn04 consumed 0.781 % CaF 
For the de te rmina t ion of water (HO ) a 9- inch long g l a s s 
tube (0 .2 inch in inner diameter) with two bu lbs , one a t t he one 
end and o t n e r , i n t h e middle , was used. The powdered sample was 
f i r s t heated for about 10 minutes and then allowed t o cool down 
t o room tempera ture in a d e s i c c a t e r . The dry empty tube and t h e 
sample wi th tuoe were weighed for the de te rmina t ion of the 
weight of powder and l o s s on i g n i t i o n . 
Caroon-dioxide (C0„) was determined v o l u m e t r i c a l l y . In a 
s e r i e s of 250 ml beaker, 0 .5 gm of calcium caroona te as s tandard 
and 0.6 gm of t h e powdered sample were p l aced . 25 ml of 
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hydrochloric acid (0.5 ii) was added to eacn beaker and allowed 
to remain overnight. The remaining acid in oeaker was titrated 
with sodium hydroxide (0.35 N) and bromophenol blue was used as 
an indicator, which gave yellow to blue end point. The calculation 
for CO in per cent was made as stated below: 
1. Calculate the acid alkali ratio: = • f\ • 
volume of UaOH for blank 
2. Multiply each of the UaOH titration values by the acid 
alkali ratio. 
3. subtract each figure obtained in step 2 from 25 ml HC1. 
This gives the HC1 in mililitres consumed by the carbonates, 
4 A factor was obtained on the basis of titration of the 
standard CaC03 (this standard contains 44 per cent CO ). 
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= Factor HC1 consumed by standard 
5. Multiply each sample value for HC1 consumed as obtained in 
step 3 oy the factor to ootain C0„ in per cent. 
6. .There P2°5 * s greater than few tenths of a per cent correc-
tions were made by multiplying its value by 0.67 and 
subtracting this from the value obtained in step 5. 
ii) Trace element analyses: 
The trace element analyses were carried out on iSmission 
spectrograph and Atomic Absorption Spectrophotometer. 
a) analyses by Emission Spectrograph: 
75 mg of the sample powder was thoroughly mixed with 50 mg 
of internal standard (mixture 0f o.05 per cent Palladium, 0.05 
per cent Indium and 99.9 per cent pure carbon) and 75 mg of 
pegmatitic base. 
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Paladium was chosen as an internal standard for non-volatile 
and Indium for volatile elements. 21 mg of the powder (5 mg 
sample powder and 16 mg internal standard) was ignited in 3.C. 
Arc using special grade graphite electrode for approximately 2 
minutes under the influence of 220 volt open circuit direct 
current. (D.C. Arc Mission Spectrograph). 
o o 
The spectra between 2500 A to 3600 A was recorded on a Kodak 
emulsion photographic plate. The lines used for measuring 
intensity ratio are given below: 
Wave lengths of Lines used in spectroqraphic work: 
Elements 
Pb 
3a 
Cr 
Ni 
V 
Cu 
Zn 
Wave-length 
in angstrom 
2833 
2943 
3031 
3050 
3183 
3273 
3345 
The developed plate was despicei into Judd-Lewis comparator 
for quantitative analyses in order to ensure the presence of 
elements in a sample. The plate was shifted to microphotometer 
comparator for determining the intensity of light passing 
through the lines of spectra of different elements in each 
sample. Their values were later converted to ppm by methametical 
and graphical methods. 
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b) Trace element analyses by Atonic Absorption apectrophotometer 
analyses for the determination of trace elements were 
carried out on a Verian Tectron Atomic Absorption. The absorp-
tions were measured when the substances get volatilized and 
ionised in a flame for the quantitative determination of the 
elements. The trace elements determined include Cu, Ni, Co, Rb, 
5r, Li, Ag, Pb, Zn and the procedure followed is summarised 
below: 
Decomposition and preparation of sample solution: Two grams of 
the sample was weighed in a platinum crucible. « few drops of 
dilute hydrochloric acid were added in addition to 30 ml of 
hydrofluoric acid, and the crucibles were kept with lids on 
over a steam bath. After one hour the lids were removed but 
heatinj was continued till the samples were completely dried. 
To eacn crucible, 5 ml of concentrated nitric acid was added and 
washed thoroughly in a beaker, which was heated for about ten 
minutes. To remove the precipitate of any organic matter, 2 ml 
of perchloric acid was added and boiled. The solution was 
cooled down at room temperature and made upto 100 ml. The 
sample solution of two per cent was ready for the analyses by 
the instrument. 
c) Radioluxoqraphy and Radiometric Analyses 
It is well known that the radiation and particles emitted 
by radioactive minerals are capable of recording their radio-
graphic images on the photographic film placed in direct contact 
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with the radioactive minerals. Advantage of this fact was 
taken in detecting the radioactivity in the phosphorites apply-
ing radioluxographic technique (Hasan, M., 1975). 
Kadioluxoyrachy is a technique by which an image on photo-
graphic film is obtained due to emission of particles from the 
radioactive mineral oy placing a thin film of zinc phosphor 
oecween the mineral and film. Uncovered thin sections of 
phosphorite were first cleaned and dried. Small amount of 
indicator (prepared oy adding a pinch of thinly ground uraninite 
or other equally radioactive in nail polish) was placed on both 
sides of the thin sections and allowed to dry. A fine coating 
of zinc phosphor was evenly spread over the adhesive side of the 
transparent cellotape (one inch wide) and this coated side of the 
tape was placed over the mineral section. a cut film (27 DIN, 
400 ASA) was placed over this cellotape with the emulsion side 
ox the film facing the mineral section, which was then covered 
with a thin glass slide and tied with ruboer band. The material 
along with the glass slides was wrapped in a olack paper and 
the 
kept in a dark room for exposure. The film recordsfexact image 
of the radiation from the radioactive minerals, if,any in the 
phosphorite. The presence of radioactive mineral in the sample 
may be detected if one or more black dots appear on the 
developed film. The concentration of uranium was determined 
by the radiometric analysis. 
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/C-i*ay J i f f rac t ion Analyses 
Ident i f ica t ion of some minerals was confirmed by /C-ray 
d i f f rac t ion on powdered samples using a Ph i l l i p s 'C-ray d i f f r a c t o -
rneter P'.ii 1010 model with sealed proportional detector using Mi 
f i l t e r e d CU K«K rad ia t ion . Samples less than 250 mesh were 
pressed i n t o CUK tube operated at 32 KV and 19 MA, which were 
scanned from 6 to 60 29 at 2 29/minute to assess the general 
mineralogy of the rocks. The un i t c e l l dimension ao and Co u)as 
determined from (300) and (002) re f lec t ions respect ive ly using 
s i l i con as an in te rna l standard. 
Infra-red Absorption Spectral Study_ 
The infra- red absorption spectra of the apa t i t e group of 
minerals gave informations aoout the compositional characters 
of the minerals . I . £ . spectra l analysis of these samples were 
car r ied out in the 2.5 u. to 15 ju wave length region using Perkin 
Slmer Model 137 Infra-red spectrophotometer. Potassium bromide 
p e l l e t s witn a concentration of about 1 per cent were used. 
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Chapter I I 
STATIGRAPHY AND GEOLOGICAL SET-UP 
Hacket (1881) in t roduced t h e term "Arava l l i System" t o 
d e s i g n a t e a group of low grade metamorphic rocks occur r ing in 
p a r t s of Rajas than . He a l s o prepared t h e f i r s t geo log i ca l map 
of t h e a rea and publ ished h i s work on t h e geology of t h e a r e a . 
According t o him, t h e Arava l l i System i s composed mainly of 
q u a r t z i t e s , p h y l l i t e s , graywackes, s l a t e , impure l imes tone , 
m i c a - s c h i s t and composite g n e i s s e s , which a r e wel l -exposed around 
Udaipur and p a r t s of C h i t t o r g a r h . 
Heron (1936, 1953) who mapped e x t e n s i v e l y i n Rajas than , 
suggested a fou r - fo ld c l a s s i f i c a t i o n of t h e Precambrian rock 
sequence of Rajasthan which was found t o be s epa ra t ed by t h r e e 
prominent e r o s i o n a l unconformi t i es . He c l a s s i f i e d the Precambrian 
rocks of Rajasthan i n t o t h r e e broad groups , as fo l lows: 
Delhi System - Unconformably over ly ing t h e A r a v a l l i s , t h e 
q u a r t z i t e , s c h i s t and l imes tone grouped under Delhi System. 
A r a v a l l i System - A predominantly a r g i l l a c e o u s group of r o c k s , 
comprised mainly of p h y l l i t e s , s c h i s t , do lomi te and q u a r t z i t e , 
e t c . , They were grouped under Arava l l i System wi th an e r o s i o n a l 
unconformity a t t h e base . 
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Banded Gneissic Complex - Banded and streaky gneisses and granites, 
grouped under Banded Gneissic Complex, which was considered to be 
the part of the primordial crust and basement for younger sediments. 
The Aravallis, being an enormously thick series of over-
whelmingly argillaceous rocks were considered to be equivalent 
to the Dharwar System of South India, and the Raialos which are 
more than 2000 feet thick, to be intermediate in age between the 
ATavallis and the Delhis. The central part of the Aravalli range 
which forms a synclinorium and composed essentially of Delhi and 
Aravalli rocks were considered to be the original sole of a 
sedimentary sequence which might have started with psammitic 
sediments at its base followed by piles of pelitic sediments. He 
correlated the gneissic or migmatitic rocks of the area of 
Kankroli and Sarara-ki-Pal with the Banded Gneissic Complex on 
the basis of their common stratigraphic and extensive migmatitic 
character. Heron (1953) considered that the Debari quartzite of 
Aravalli Super Group, resting on the Banded Gneissic Complex, to 
be the equivalent of the Alwar quartzite of Delhi Super Group. 
The Debari conglomerate and quartzite formations on the east 
of Udaipur and the Alwar formation of the Delhi Super Group was 
considered (Heron, 1953) as coeval of the basal Aravalli rocks 
around Sarara inlier on the basis of similarity in depositional 
sequence of sediments and volcanic association. 
Mapping around Sarar inlier (Venkatesh et al., 1959, 1960; 
Poddar et al., 1963-65 and Iqbaluddin, 1966, 1968, unpublished 
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"reports, G.S.I.) has revalidated Heron's interpretation by more 
elaborate data on the sedimentary structures and mutual relation 
with the litho-units of the basal formation of the Aravallis. 
Palaeocurrent direction from cross-bedding in the basal formation 
indicates that the Sarar inlier might possibly have been a 
positive area during the deposition of the basal units. The cross 
bedding in the arkose and quartzite indicates that the sequence 
at Debari is inverted and the Aravalli rocks are structurally 
overlain by the older basement rocks. The unconformable relation 
between the Aravallis and the Basement Complex has been confirmed 
by the later workers with a note on the indications of basement 
mobilization (Mathur, R.K., 1963-64; Iqbaluddin, 1965-66; 
Chandak, G.J., 1965-66, unpublished reports, G.S.I.). 
It has been envisaged that the Aravalli cycle was heralded 
by the transgression of a sea on the continental land mass formed 
by Banded Gneissic Complex. The deposition of conglomerate and 
gritty arkose followed an initial basic volcanic episode and 
tectonically varied in space and time in the Aravalli basin. The 
Aravalli rocks of the study area in Udaipur region have been 
deformed and metamorphosed under shallow zone during the Aravalli 
Orogeny and there is a marked contrast in tectonic regime between 
the rocks of Udaipur-Sarara and Kankroli area. *Mathur (1964) 
mapped the area of about 200 sq. km around Udaipur between the 
latitudes 24°30' and 24°45' and longitudes 73°30' and 73°37'. He 
presented a generalized sequence of the Aravalli rocks along 
Debari-Udaipur road (Table I). 
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Table I 
Post Aravalli 
Aravalli Super 
Group 
( Quartz vein, amphibolites (Intrusive into 
( granite and migmatite (the Aravalli 
Phyllites, conglomerate, arkose and 
reddish phyllites. 
Phyllites, slate, carbonaceous phyllites 
with intercalatory bodies of dolomite 
and quartzite. 
Basic volcanics with interstratified 
quartzites, graywackes and phyllites. 
Orthoquartzite, quartz pebble conglo-
merate and quartz grit;. 
Graywackes and phyllites, with intercala-
tory bodies of dolomite and interforma-
tional conglomerate. 
Phyllites with intercalatory bodies of 
carbonaceous phyllites, dolomite, cal-
careous quartzite and quartzites. 
Red to buff orthoquartzite with inter-
calatory phyllites. 
Coarse grained to pebbly arkose, subarkose 
and felspathic quartzite. 
Arkosic quartz pebble conglomerate. 
Green schist with interstratified ortho-
quartzite and dolomite. 
Buff orthoquartzite. 
Pebbly talc quartz rock and talc schist. 
Erosional Unconformity 
Banded Gneissic 
Complex 
( Chlorite and b io t i te schist , amphibolites, ( composite gneisses, ap l i te , pegmati te ( and quartz veins. 
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The sequence of rocks comprise the Aravallis of Udaipur 
area, as given by Poddar (1965), is presented as follows: 
3, Carbonate free sequence of phyllites interbedded with 
quartzite. 
2. Orthoquartzite, arkose, dolomite/ siliceous dolomite, 
sub-graywackes, graded bedded graywackes of flysch type, 
carbonaceous pyritic phyllites, sericite phyllites and 
slate. 
1. Basal quartz pebble, arkosic conglomerate, arkose and 
quartzite with local basic volcanics and insignificant 
dolomite. 
Banerjee (1971) presented a classification of the Precambrian 
rocks of Udaipur area after mapping the area systematically 
(Table II). In his classification, the phosphorite-bearing 
horizons are confined to the Matoon Formation. Rocks of the 
Debari and the Udaipur Formations are devoid of any phosphorite 
bearing horizon. The study by Banerjee (1971) has shown that the 
Debari quartzite, which was considered by Heron (1953) to be the 
equivalent of the Alwar quartzite of the Delhi System is not valid. 
A major fault inferred by Heron between the quartzite of Debari 
and the phyllites of Udaipur valley was found to be non-existent. 
Attempts have been made from time to time to classify and 
correlate the phosphorite horizons of India. Recently Muktinath 
(1974) classified the major phosphorite deposits which are 
associated with the Precambrian, Palaeozoic, Jurassic, Cretaceous 
and Tertiary terrains of Rajasthan, Uttar Pradesh, Madhya Pradesh, 
Gujarat, Tamil Nadu, Assam, Jammu Kashmir and Himachal Pradesh. 
Many valuable contributions have been made on the various 
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Table I I 
Udaipur Formation 
Matoon Formation 
Debari Formation 
Li th ic q u a r t z i t e , flaggy qua r t z i t e and 
current bedded or thoquar tz i te . 
Sandy p h y l l i t e , graywacke, sandy p h y l l i t e , 
calcareous p h y l l i t e , b i o t i t e sch i s t and 
carbon p h y l l i t e . 
Orthoquartzi te , brecciated calcareous 
qua r t z i t e , marble and carbon p h y l l i t e . 
Impure marble, dolomitic limestone with 
ro l led and rewashed fragmental phosphorite 
and biohermai phosphorite. 
Sandy p h y l l i t e and s c h i s t , Orthoquartzi te , 
brecciated q u a r t z i t e , dolomite, marble, 
ro l led fragmental phosphorite. 
Impure marble, carbon p h y l l i t e with small 
specks of garnet and manganiferous 
dolomite intruded by post-Araval l i 
aplograni te . 
Buff t o reddish-brown or thoquar tz i te 
with in te rca la ted phyllite and s c h i s t . 
Metaconglomerate and petromictic arkose. 
Meta-arkose. 
Meta-conglomerate and fe lspath ic q u a r t z i t e . 
- - Local shear Faults 
Banded Gneissic ( Gneisses, g ran i t e s , mica s c h i s t , marble, 
Complex ( dolomite and q u a r t z i t e . 
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phosphorite deposits of India by iMuktinath (1967), Muktinath 
and Sant (1967, 1969), Muktinath and Chakarvarty, S.C. (1972), 
Banerjee, (1971, a ,b ,c , 1978), Barman, e t a l . (1978), Chatterjee 
(1967, 1968), Chatterjee and Mukherjee (1971), Chauhan (1970, 
1973, 1979), Chauhan and Amstutz (1975), Sethi (1969), 
Choudhury et a l . (1968), Choudhuri and Balasubramanian, N. (1980), 
Dubey, R.R. and Parthasarthy, A. (1974), Patwardhan, A.M. (1973, 
1975), Raja Rao, Iqbaluddin and Mathur (1968), Rao and Rao 
(1971), Srikantan, 3. e t a l . (1969), Singh, R. (1969), Valdiya, 
K.S. (1969 a ,b ) , Verma and Barman (1975). 
In recent years s tudies were carr ied out to determine the 
absolute age of the Aravall is based on radiogenic methods. 
Fermor, L.L. (1936) made the f i r s t systematic attempt to c lass i fy 
and co r r e l a t e the Precambrian formations of Peninsular India by 
demarcating charnockitic and non-chamockitic reg ions . Holmes, A. 
(1955) presented a sequence of Precambrian orogenic cycle on the 
basis of radiometric ages of minerals formed during the closing 
stage of the major Precambrian orogenic cycles of Peninsular 
India and/or the evidence t h a t a younger orogenic be l t cuts an 
older one. Sarkar, S.N. (1968) who studied the geochronology of 
the Precambrian c r y s t a l l i n e rocks of the Peninsular India , 
suggested s ix orogenic-metamorphic groupings of Precambrians. 
In the fourth cycle he included Delhi-Raialo-Aravall i , Gwalior, 
Bijawar, Dalma-Dhanjori-Jagnnathpur lavas , Satpura (part) Closepet 
g ran i te and Katargama complex. He also assigned an age of 1,500 
mil l ion years to these formations. The t h i r d cycle includes 
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Bundelkhand, Berach g ran i t e . Banded Gneissic Complex (in p a r t ) , 
Hyderabad and Chitradurga g ran i t e s , Dharwar and Peninsular gneiss 
(II) and assigned the cycle an age of 2,500 t o 2,900 mil l ion years . 
The older metamorphics and basement (Bihar, Orissa) basement 
complex (S. India , Rajasthan) were placed in f i r s t cycle of 3,200 
3,500 mil l ion years old. 
Based on the avai lable Rb, Sr, Pb i so top ic and K/Ar age data , 
s t r a t i g r aph ic and geotectonic considerations (Crawford, A.R., 1969b, 
1970, 1975; Sarkar e t a l . , 1964a, 1964b; Sarkar and ro l l e r in 
Sarkar, 1968; Vinogradov et a l . , 1964; Naha, K. e t a l . , 1967; 
Misra, R.C. and Sharma, R.P. , 1975; Raja Rao, 1976), the following 
chrono-s t ra t igraphic divis ions have been made: 
1. The Basement Complex may be as old as 3,500 mil l ion years . 
2. Berach gran i te i s cor re la tab le with Bundelkhand grani te , 
both about 2,550 m.y. old. Crawford (1969) suggested an 
age of 2,580 m.y. to Berach grani te to the north of 
Chi t to r , Udaipur. 
3 . The base of the Aravall i Super Group appears t o be younger 
than 2,500 million years, and post-Araval l i grani tes are 
2,000 mill ion years old (Sarkar e t a l . , 1968). According 
t o Crawford (1969) the Araval l i basement was found t o be 
2,590 mill ion years and the post-Aravall i g r an i t e , 1,900 
t o 2,100 mill ion years old. 
On the basis of the r e su l t of systematic s t r a t i g r a p h i c , 
s t ruc tu ra l and petrological s tudies of the Precambrian Formations 
and more than 800 radiometric age data (by Rb, Sr, K-Ar and Pb 
i so top ic methods) Sarkar (1980) has proposed a revised c l a s s i f i -
cat ion and corre la t ion of the Precambrians and establ ished a 
generalised succession of the Precambrian Formations and of the 
dated orogenic cycle and phases, p lu tonic , volcanic and sedimentation 
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episodes. The Basement Gneissic Complex present in Dharwar, Eastern 
Ghats and Aravalli provinces are considered t o be older than 3,000 
mill ion years . The Bundelkhand and Berach g r an i t e s , Banded 
Gneissic Complex (in par ts) and the Dharwar cycles with dif ferent 
t ec ton ic s e t t i ng closed between 2,500 and 2,600 mill ion years and 
hence they are broadly co r re l a t ab le . The deposition of the 
Araval l is took place l a t e r than 2,500 mil l ion years ago and the 
Delhis, l a t e r than 2,000 mill ion years . 
Sequence and Lithology of the Rock Types 
Around Matoon and Dakan Kotra 
The phosphorite deposits of the two study areas are associated 
with a th ick succession of rocks belonging t o Matoon Formation of 
Aravall i Super Group of rocks which are dominantly argi l laceous 
and show increasing metamorphism. They are highly folded from 
east t o west. The Aravalli rocks, exposed in the study area, are 
made up of qua r t z i t e s , dolomitic limestone, marble, l i t h i c 
q u a r t z i t e and phy l l i t e s which are considered t o be the product of 
low grade regional metamorphism. Their general s t r i k e trend i s 
N-S to NNE-SSw. Three di f ferent rock uni t s of the Aravall i Super 
Group namely Debari, Matoon and Udaipur Formations have been 
dis t inguished. The work of the geologists of Geological Survey of 
India , v i z . , Mathur (1965), Iqbaluddin and Mathur (1966) and 
3anerjee (1971) led to the establishment of the following genera-
l ized sequence in the Matoon and Dakan Kotra area (Table Hx). 
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Table III 
Post Avaralli 
Group 
Aravalli Super 
Group 
Udaipur 
Formation 
Matoon 
Formation 
Debari 
Formation 
Quartz vein and granite. 
Phyllites, graywackes,quartzite, 
flaggy quartzite and quartzo-
feldspathic rocks. 
Phyllites, caroonaceous phyllites, 
sandy phyllites, quartzite, 
jaspery quartzite,doiomitic 
marble, calcarenite and phospho-
rite horizon. 
Buff and reddish-brown ortho-
quartzite with intercalated 
phyllites, chlorite-schist, 
metaconglomerate and arkosic 
quartzite, etc. 
Unconformity 
Banded Gneissic Complex Gneisses, granites, mica schist, 
marble, dolomite and quartzite.' 
Structurally, the rocks of the Matoon Formation form a 
syncline plunging northwest. The phosphorite deposits are 
located on the eastern limb of this syncline. In the Matoon area 
the rocks encountered from east to west are mainly dolomitic 
marble, calcareous grit, orthoquartzite, cherty brecciated 
quartzite, phosphate rock and phyllites (Fig. 2). The general strike 
trends of the rocks is N-S to NNE-SSw with normal dips of 50°-60° 
towards west or north. A brief lithological description of 
various rock units as shown in the geological map of Matoon area 
is given below: 
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Dolomitlc Marble 
The calcareous facies of the sequence is represented by 
dolomitic marble which is light bluish grey in colour. It is 
essentially composed of calcite, dolomite and subrounded grains 
of quartz with minor amount of ferruginous matter. The dolomitic 
marble is a hard, massive and fine-grained rock showing varying 
degrees of crystallization and could be seen in the eastern and 
northern parts of the area. It is generally silicified with 
variation in composition from dolomite to ferruginous and even 
manganiferous. The rock shows silicified honey comb and other 
replacement structures. The marble has been replaced by siliceous 
material forming chert in the northern part of the area. At 
places metamorphism tends to destroy the earlier texture and 
structure. Bedding is usually obscure in this rock which locally 
shows weak foliation. The general strike direction is north-
south with west and northwest dips. 
Phosphorite is also found associated with dolomite in the 
northern part of Matoon as disseminated bodies and interclasts. 
Calcareous grit 
The calcareous grit is buff in colour. In the central part 
of the area dolomitic marble shows distinct gradation in to 
calcareous grit. The calcareous grit is medium to coarse grained 
in size. At places it contains conglomeratic bands up to 2 mm 
thick with subrounded to oblong pebbles, consisting of white 
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quartzite and feLdspathic material cemented by medium to coarse 
grained matrix of quartz, calcite and dolomite. 
Orthoquartzite 
The orthoquartzite is dirty white to buff and brownish-
yellow in colour and forms the highest ridge in the area. It 
is mainly composed of quartz with minor and variable amount of 
calcite, dolomite, feldspar and ferruginous matter. The quartzite 
is hard,massive and medium grained in size. It is mainly exposed 
in the northeastern part of the area and thins cot considerably 
towards north, finally abuting against dolomitic marble. In the 
central part, the orthoquartzite steadily grades into the 
calcareous grits through buff to yellowish white friable quartzite. 
Sometimes it is cross-bedded and underlies the phosphatic horizon. 
The rock is laterally replaced by dolomite in the northern part 
of the phosphorite deposit. The general trend of the rock is 
NNE-SSW with normal dips of 65° to 80° due west, though at places 
the beds appear almost vertical. 
Cherty brecciated quartzite 
The cherty rock is brownish grey and yellow in colour on 
weathered surfaces but on fresh surfaces it is cream coloured. 
The rock though brecciated at most of the places and contains 
angular to subangular fragments and lenses or bands of buff to 
creamy white, fine grained quartzite in which bedding and even 
current bedding could be seen. This rock unit, exposed in the 
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cent ra l and southern par ts of the area, appears t o be a t r a n s i -
t iona l un i t between the or thoquar tz i te and the jaspery q u a r t z i t e . 
The rock in the centra l par t of the area i s highly fe r ru-
ginous and consis ts mainly of brownish red jasperoidal mate r ia l . 
At places the breccia i s calcareous in na ture . Secondary 
manganese oxides occur along jo in t s and f rac ture planesof the 
rock. The rock uni t s t r ikes NNE-SSW with normal dip of 60° 
toward west and northwest. 
Phyl l i t es and q u a r t z - s e r i c i t e sch is t 
The rocks are grey t o l igh t brownish green and ash grey in 
colour. Phy l l i t e s are e s sen t i a l ly composed of quar tz , feldspar 
mica, ser ic i te . , c h l o r i t e , ferruginous and carbonaceous material 
and are f ine t o medium grained. Cleavages are well developed and 
at places bedding i s defined by compositional colour banding. 
The phy l l i t e s occupy the western par t of the Matoon r i d g e # t h e 
val ley sides and grades in to quartz s e r i c i t e s c h i s t . The 
phy l l i t e s and quartz s e r i c i t e sch is t are grouped together and 
the change from phyl l i t e s t o q u a r t z - s e r i c i t e sch i s t i s so gradual 
t h a t in f ie ld i t i s d i f f i cu l t t o say where the phy l l i t e s end and 
the q u a r t z - s e r i c i t e schis t begins. 
The rock uni t s of Dakan Kotra area also belong t o Matoon 
Formation of the Aravalli Super Group. The general trend of the 
rock i s N-S which swings NE-Sw and becomes almost E-JI in the 
northern par t of the area forming an antiformal s t ruc tu re . The 
40 
important rock types of this area include quartzites, dolomitic 
marble, calcareous quartzite, phyllites and phosphorite. The 
following sequence has been established by the author in the 
Dakan Kotra area based on field work and his own observations; 
Post Aravalli Quartz vein and granite 
Aravalli Super f ^ H J f ' calcareous quartzite. 
Group ^ dolomitic marble/ phosphorite, 
p
 ( cherty brecciated quartzite. 
A brief description of various lithological units of Dakan 
Kotra is given below and shown in Figure 3. 
Cherty brecciated quartzite 
It conformably overflies the arkosic quartzite of Debari 
Formation. The cherty quartzite is predominant in the eastern 
and southern part of Dakan Kotra. On weathered surface it is 
yellowish or dark reddish brown in colour. The cherty rock 
consists of angular to subangular fragments of yellowish brown 
and greyish jssperoid and phosphatic material. The cherty 
quartzite is generally devoid of bedding planes, except at 
places where there are lenses or bands of bluish white to 
greenish white fine grained quartzite with indication of some 
bedding lamination. 
Dolomitic marble 
The predominant rock unit of the area enclosing the 
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phosphorite horizon is a light bluish coloured, fine grained 
dolomitic marble. The weathered surface is very uneven and 
siliceous lamina stand out prominently. The dolomite bands show 
facies changes in the area west of Dakan Kotra and grade into 
cherty quartzite. South of the phosphatic horizon the quartzite 
pinches out and grades into dolomite which extend for about 400 
metres as a thin wedge in the phyllites. The dolomite can be 
divided into pure dolomite and phosphatic dolomite/ with P„0C 
2 b 
varying from traces to 5 per cent. The phosphatic dolomite is 
confined to the foot wall side. Non-phosphatic stromatolites in 
dolomite were encountered in the northeastern part of the block 
as isolated patches running almost in NW-SE direction. In the 
western part of the area the dolomite shows penecontemporaneous 
deformation. Bedding is rarely seen though joints are very 
common. One km west of Dakan Kotra the dolomite was found to be 
stromatolitic. The structure is well preserved over a 100 metre 
long and 10 metre wide patch. Several types of stromatolites have 
been identified and described (see Chapter IV). The dolomite and 
calcite show cloudy appearance and angular to subangular grains of 
quartz. In addition a few grains of sericite and diopside are 
also noticed. 
The general strike trends of this rock unit is N-S to 
NW-SE which swingsE-W in the northern tip of Dakan Kotra 
phosphorite and the dip varies from 40° to 70 towards west and 
north. 
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Calcareous quartzite 
The outcrop of calcareous quartzite is somewhat semi-
circular in pattern, particularly towards the west and north. 
The width of the outcrops varies from place to place. It is a 
fine grained rock and its colour varies from reddish brown to 
buff. Bedding at places is defined by colour and compositional 
banding. The quartz vein boundary in calcareous quartzite is 
occasionally sutured. Quartz forms the major constituent followed 
by muscovite and chlorite. The cementing material is generally 
calcareous. Along the nala cutting the quartzite contains 
pseudomorphs of pyrite (PI. 1/ Fig. 1). Small scale folds and 
joints are also noted at places. At places this unit was found 
to grade into phyllites. 
Phyllites 
The phyllites, being the youngest formation of the area, 
crop out continuously in the north-western and northern parts 
of Dakan Kotra. They are encountered mainly in the low lying 
flat area in the form of isolated patches. Their colour varies 
from steel grey to slaty black. They are generally chloritic or 
sericitic in composition. The flaky minerals identified include 
biotite, muscovite and sericite arranged in layers exhibiting 
schistocity. Quartz occurs as angular to subangular grains. 
The phyllites are occasionally carbonaceous/characteristic 
dark to steel grey in colour. Apart from a fairly large amount of 
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carbonaceous (graphitic) material, they comprise fine grained 
quartz and sericite. They are finely foliated and at places 
highly cleaved. The carbonaceous phyllites have interstratified 
bands and lenses of dolomite which are occasionally pyritiferous. 
The lenses of dolomite interstratified with carbonacous phyllites 
have a few discrete crystals of pyrite and galena, which are 
probably synsedimentary. 
Quartz vein 
Veins of translucent crystalline quartz occur mostly in the 
phyllites, calcareous quartzite and rarely in dolomitic marble. 
The veins which often cut across these rocks are mostly found in 
the north-western part of the area. They vary in thickness from 
a few cm up to 3 metres. Some of them are highly sheared and 
fractured. Occasionally, small crystals of secondary quartz were 
found in small cavities in the quartz veins. 
Structure 
The Precambrian rocks of Rajasthan show widely varying 
structural pattern resulting from repeated periods of deformation 
and accompanying emplacement of igneous rocks. The strike of 
foliation of the metamorphic rocks of the Pre-Aravalli and Delhi 
Super Groups is dominantly NNE-SSw to NE-Sw, but also varying 
from N-S and NW-S.E in the Aravallis and partly in the Pre-
Aravallis of Rajasthan. The foliation planes dip at steep to 
moderate angles, dominantly towards the west. The regional 
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s t ruc tu re i s defined by the presence of a se r i e s of i s o c l i n a l / 
overturned and a t places by normal upright fo lds . The fold axes 
in the Araval l is of Udaipur region trend NW-SE swerving gradually 
to N-S and NE-SW near Udaipur c i t y . There are a se r i e s of 
culminations and depressions as well as other s t ruc tu ra l complica-
t ions along the Aravalli be l t . All the three groups of 
Precambrian rocks (Pre-Aravall is , Aravall i Super Group and Delhi 
Super Groups) of Rajasthan were subjected t o a t l ea s t th ree periods 
of superposed deformation re su l t ing in var iab le s t ruc tu ra l t rends . 
The e a r l i e s t folds which are t i g h t , i s o c l i n a l or rec l ined plunge 
at about 20° to 40° towards WNW. The second deformation/ which 
i s more in tense and prominent than the f i r s t one, has given r i s e 
to open or t i gh t upright folds with t h e i r plunges varying from 
10° to 50° towards sw or SSW in the southern pa r t and NE or NNE 
in the northern pa r t . The th i rd deformation i s represented by 
NNE-SSW plunging open upright folds with sub-ver t ica l axial planes 
s t r i k ing WNW-ESE. The f i r s t two generations of fold are 
r e s t r i c t e d to the Pre-Aravalli and Aravalli Super Groups/ while in 
the Delhi Super Group the second and th i rd generations of fold 
are developed. The absence of the f i r s t generation of fold in 
the Delhi Super Group marks a major s t ruc tu ra l break between the 
Delhis and the Pre-Araval l is /Araval l is of Rajasthan. The other 
major tec tonic element in these rocks i s the presence of a sub-
pa ra l l e l NE-SW trending f au l t , presumably a th rus t / in the Delhis 
and other groups of rocks. 
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The s t ruc tu ra l elements in Matoon and Dakan Kotra area of 
Udaipur have been iden t i f i ed and described below: 
St ruc tura l Elements : Non-tectonic 
s t ruc tu re 
Bedding or stratification plane (S-.) 
The bedding planes are represented by colour or compositional 
banding in the quartzite. The dolomite is also thickly bedded 
with some pronounced foliations developed parallel to the bedding 
plane in the interbedded impure limestone. 
Matoon - The general strike trend of the beds in the area is N-S 
to NE-SW with normal dips of 50° to 65° towards west or north 
(Fig. 2). In the northern part the trend becomes NNE-SSW with 
dips 45° to 70° towards west, while in central part the trend 
continues to be the same but the dips vary between 55° and 70 
towards west. In the southern part, the rocks trend NE-SW with 
50° to 80° dipping west or northwest and at places vertical bedding 
was also noted. 
Current bedding is rarely seen in dolocalcarenite in the 
northern part as well as in the orthoquartzite in southern part 
of the area. 
Dakan Kotra - In the southern part of Dakan Kotra the lithological 
unit trends NW-SE to NNW-SSE with 45° to 75° westerly dips. The 
trend of the dolomite beds in the central part of the area is N-S 
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to NE-SVJ with 40° to 65° dip due west or north-west. In the 
northern part the trend of the beds becomes almost in E-W direction 
and dips vary between 45° and 70° towards north, while in the 
eastern part the trend is N to S dipping steeply towards east 
(Pig. 3). 
Axial plane/planer structure and fracture 
cleavages (S- and S^)_ 
The axial plane foliation (S ) is well developed in the 
phyllites and calcareous quartzite of Dakan Kotra and the 
phyllites of iMatoon, where it is marked by the parallel arrange-
ment of flaky minerals like biotite, chlorite, etc. (PI. I, 
Fig. 2). Bedding (S ) is obliterated at places by S The 
strike of S_ varies from N 10° E-S to N 25° E-S 25° W and 
cleavage plane dips at steep angle of 60° to 85° WNW. At many 
places in Dakan Kotra small cheveron folds and puckering with 
their axes plunging at an angle of 10° to 15° NNW have produced 
another set of cleavage plane (S3). The strike of this S varies 
15° to 50° in southerly direction. Two prominent lineations are 
observed in the Dakan Kotra area: 
1) Intersection of bedding (S^ and axial plane (S )with a 
plunge N 10° to 25° E. 
2) Intersection of axial plane (S„) and cleavage plane (S^) 
with a plunge S 10 to 15 W. 
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Tectonic Structures 
Jo in ts - Jo in t s are generally well-developed in dolomite ( P I . I I , 
Fig. 1) and qua r t z i t e of both the areas . Three di f ferent se t s of 
j o i n t s , v i z . , s t r i k e , dip and oblique jo in t s are well-developed 
in Dakan Kotra area. In Dakan Kotra / the s t r i k e jo in t s in 
dolomitic marble change t h e i r d i rect ion with s t r i k e of the 
bedding plane as follows: ( i ) NNW-SSE with 50°-80° dip in NE 
d i r ec t i on , ( i i ) NNE-SSW to NE-SW with 60°-75° dipping north-west 
and ( i i i ) almost E-W with steep dips on e i ther s ide . The jo in t 
planes in the dolomite of Matoon are s i l i c i f i e d while those in 
q u a r t z i t e are healed up by the f i l l i n g manganese ores , jasper , e t c . 
Folds - The mesoscopic folds are qu i te common throughout the 
two areas . In Matoon and Udaipur Formations the fold axes s t r i k e 
10° t o 15° NNE-SSW with a plunge towards in any. The Debari 
Formation in east of Udaipur d i s t r i c t i s represented by an 
a n t i c l i n e in the west and a syncline in the eas t . 
The overturned i soc l i na l folds are most prevalent in the 
study area. In Matoon a syncline plunging NW i s formed and 
phosphorite i s located on the eastern limb of t h i s syncl ine. The 
Kharbaria phosphorite appears to form the western limb of t h i s 
syncl ine. The dolomitic rocks form an a n t i c l i n e , whose axis 
strikesNNE-SSW with a plunge 45° toward NW along with a correspond-
ing syncline reported from south of Matoon. 
The prominent phosphorite horizon of Dakan Kotra i s taken as 
the marker horizon to in t e rp re t the s t r uc tu r e . There are two 
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anticlinal structures with an intervening syncline, whose axes 
strike NNW-SSE and plunge steeply towards NNE. In the northern 
part the quartzite which forms core of the anticline is overlain 
by dolomitic marble, phosphorite, calcareous quartzite and 
phyllites. In the western part of the Dakan Kotra the calcareous 
quartzite with intercalated phyllites is represented by an over-
turned anticline plunging northwards. Fanning of the cleavages 
in this anticline is also distinct in the lower portion (PI. II, 
Fig. 2). 
Faults - Some minor transverse faults could be seen affecting in 
the Matoon and Dakan Kotra phosphorites. In Matoon the maximum 
downthrow of the fault is 5 metres, whereas in the Dakan Kotra it 
is 0.5 metre and marked by silicification. 
Metamorphism 
The Aravalli range is considered as a Precambrian region in 
which directed pressure has been the most important agent of 
metamorphism. The strongly banded nature of both ortho- and 
para-gneisses, the evidence of solid flow, thickening and 
thinning of beds and the universal isoclinal major folding, and 
in it the intense corrugation of sets of beds are all signs of 
diastrophism and metamorphism (Heron, 1953). 
The portion of the Aravalli rocks falling within the area 
of study, are primarily composed of quartzites, dolomite marble, 
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phyllites, gr-aywackes and phosphorites. They all show the effect 
of low grade regional metamorphism. Recrystallization during 
regional metamorphism is common in all the rock types. There are 
also evidences to believe that during metamorphism the rocks 
have undergone some cataclastic effects, particularly in the 
quartzites, dolomites and phyllites. 
Quartzite, which occurs on higher ridges striking almost 
north+south is composed largely of recrystallized quartz with 
considerable flakes of muscovite. When quartzites are pure, 
cataclastic effects are dominant but when impure with some mica, 
chert, feldspar they developed a faint schistosity. Abraded 
overgrowth and reworking of quartz indicates secondary silicifica-
tion of quartzose material during regional metamorphism. 
The dolomitic limestone/marble, occurring east of the 
quartzite ridge in Matoon and western part of Dakan Kotra area, 
is mostly recrystallised. The massive limestone is also common 
and often have enclosures of phyllite bands in which faint 
schistosity developed. The calcareous rocks are composed largely 
of calcite, quartz, dolomite, apatite, chlorite, biotite, etc. 
The higher CO / H O and lower H20/C0 ratios (Table XVI, XIX) of 
these rocks indicate that they were subjected to regional 
metamorphism (Agrell, S.O., 1965). The metamorphism produced 
the minerals that are characteristic of the carbonate series 
including hydroxyl and fluorine bearing minerals. The composi-
tional phase towards the CO- component is predictable. p2°5 a n d 
CaO formed complex C09 in preference to HO, except in a few 
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cases, as demonstrated by the formation of calcium carbonate 
and calcium phosphate with hydrated calcium phosphate. The 
outcrop of marble from west of Dakan Kotra to Devimata appears 
to be a product of metamorphosed dolomitic limestone. 
The phyllites, which are exposed west of Matoon phosphorite 
and northwest of Dakan Kotra in low lying valley areas are 
generally foliated. The nature of the phyllites are chloritic 
in the northern and carbonaceous and pyritiferous in the southern 
parts of Dakan Kotra. To the east of Dakan Kotra the phyllites 
are manganiferous and interstratified with cherty bands. The 
quartzites in the northwest of Dakan Kotra to east of Devimata are 
also chloritic and alternate with chloritic phyllites. The 
mineral assemblages, viz., quartz, feldspar, zircon, zoisite, 
rutile, anatase, apatite, sericite, chlorite and tourmaline 
could be seen in the psa^mitic rocks. These mineral assemblages 
reaches to chlorite schist facies and indicates that regional 
metamorphism did not cross the chlorite zone in the area studied. 
The phyllites do not show any pronounced lithological changes 
except in the extreme south of the area where they appear as 
chlorite-biotite-schist. 
Chaptrer III 
NATURE AND MODE OF OCCURRENCE OF 
PHOSPHORITE 
The phosphorite deposits of the Matoon and Dakan Kotra 
of Udaipur district, Rajasthan, show a great variation in 
their mode of occurrence. They are found associated with the 
cherty brecciated quartzitic rocks and bluish-grey dolomite. 
Nature of phosphorites 
The phosphorite deposits have been classified into the 
following varieties based on their physico-morphological features: 
1. Columnar stromatolitic phosphorite. 
2. Laminar stromatolitic phosphorite. 
3. Silicified fragmental phosphorite. 
4. Massive bedded phosphorite. 
5. Nodular phosphorite. 
6. Pelletal phosphorite. 
1. Columnar stromatolitic phosphorite 
The columnar stromatolites are typically bluish-grey in 
colour and occur as ill-defined tabular columns with the convex 
laminae in dolomitic ground mass and show concentration of P^^s 
only in the algal columns. Phosphorites associated with the 
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columnar algal structures are very common in the central portion 
of the western limb of the western anticline in the western and 
northern parts of the Dakan Kotra (PI. Ill, Fig. 1). The 
concentric rings of algal structure are composed of collophane 
lining their outer margins while calcite, dolomite and quartz 
occur alternately at the inner margins. The algal stromatolites 
occur more or less at right angles to the bedding planes of 
dolomite. They stand prominently on the weathered surface of 
the dolomite due to their greater resistance to weathering. 
2. Laminar stromatolitic phosphorite 
The laminar stromatolites occur south of the western part 
of Dakan Kotra as thin lamina alternating with the bedding 
plains of dolomite (PI. Ill, Fig. 2). The thickness of the 
individual lamina varies from one mm to one cm. Under microscope 
they show lamina of collophane alternating with 
calcareous matter with quartz. Due to later deformation, the 
phosphorites were broken and boudinage. like structures developed. 
This variety generally showshigher P2°c content as compared to 
other varieties of Dakan Kotra. 
3. Silicified fraqmental phosphorite 
The fragmental phosphorite i s brecciated as well as 
s i l i c i f i e d . I t i s composed of sub-rounded to sub-angular 
fragments of a lgal s t romatol i tes which are embedded in a cherty 
and quartzose matrix (PI. I l l , Fig. 3 ) . This var ie ty could be 
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seen in the central and south-eastern part of Matoon and the 
southern boundary of the western part and on northern tip of 
Dakan Kotra. In some cases the fragmentary phosphorite shows 
the presence of rounded to sub-rounded grains of collophane 
(PI.IV, Pig. 1), which are partly replaced by calcite. Sub-
rounded to sub-angular grains of quartz and feldspar were also 
recorded from Dakan Kotra. 
4. Massive bedded phosphorite 
The massive bedded variety of phosphorite is found in the 
southern part of Matoon ridge as well as in an isolated hillock 
in the south-eastern part near Dakan Kotra. The bedded phosphorite 
occurs associated with fine-grained dolomitic marble and have 
thin alternating lamina composed of quartz and collophane or 
calcite and collophane. The bands vary in thickness from one 
to 10 cm. 
5• Nodular phosphorite 
The nodular phosphorite is not common in the study area. It 
was identified only from the central portion of the phosphorite 
horizon of Matoon (PI. IV, Pigs. 2 and 3). The nodules are 
composed of fine-grained phosphatic materials and embedded in 
brecciated quartzite. They vary in size from 1 to 4 cm in length 
and 0.2 to one cm in width and show higher concentration of 
P2°5' 
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• Pelletal phosphorite 
The phosphorite pellets are elongated in shape and composed 
of cellophane and calcareous matter and/or collophane only. They 
are embedded in a dolomitic groundmass. Individual lenses and 
pellets vary from 2 to 60 mm in length and one to 6 mm in 
breadth. They are found to occur parallel or sub-parallel to 
the bedding plane of dolomite. This variety could be seen in 
the southern boundary of western part and northern tip of 
northern part of Dakan Kotra as well as at some places in Matoon 
(Pl.V, Fig. 1). 
Mode of occurrence of phosphorite 
deposits 
The important phosphorite occurrences have been surveyed, 
and mapped in order to ascertain the distribution of the 
deposits. The mode of occurrence of the phosphorites in Matoon 
and Dakan Kotra areas has been discussed in detail. The 
geological set-up, structure and distribution of phosphorite 
deposits are presented in figures 2 and 3. 
The phosphorite band at Matoon (Fig. 2) occurs as a single 
horizon, extending for about 3 km along its strike. Its 
thickness varies from 0.5 to 20 m and the horizon pinches and 
swells along strike of the band. There is a wide variation of 
P2°5 concentration and the richest portion of the deposit 
(>30 per cent P?05) is confined to the central portion of an 
arcuate hill. It is composed of brecciated, fragmental and 
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pelletal phosphorite which gradually becomes fine-grained and 
stromatolitic towards both the northern and the southern 
extremities. Current-bedded orthoquartzite underlies the 
phosphorite which is laterally replaced by dolomite in southern 
part and dolomitic marble in the northern part/ and overlain 
by brecciated quartzite and sandy phyllites in the west. The 
Kharbaria phosphorite deposit appears to be the folded extension 
of Matoon deposits. The columnar and layered variety of 
stromatolitic phosphorite occurs at the northern and southern 
parts while reworked brecciated phosphorite containing angular 
to subangular and rounded fragments of algal stromatolite are 
confined to central portion of the deposit. The regional 
structural trend of the rocks containing phosphatic horizon is 
NNE - SSW with dips varying from 50° to 80 due west. 
In Dakan Kotra only one horizon of phosphorite was encountered 
(Fig. 3). It follows the bedding as well as structural trends of 
the associated host rock. The contact of the phosphorite 
horizon is found to be sharp on the hanging wall side, while on 
the foot wall side it grades to phosphatic limestone-marble. 
This phosphorite band is traceable over a strike length of about 
750 m in western part. The thickness of the phosphorite horizon 
varies from place to place. Thickening and thinning of the 
phosphorite horizon is a common feature. In the western part 
the phosphorite band is found associated with dolomitic marble and 
in the south-western part with cherty jespery quartzite. A thin 
quartzite band occurs discontinuously below the phosphorite 
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horizon towards the west, and the phyllites occurring above the 
phosphorite, grade in to graywackes. The outcrop pattern of 
phosphorite is arcuatejn the northern part and curvi-linear in 
the southern parts of the area. However, in the northern and 
eastern parts the outcrop is not continuous and occasionally 
intervened by dolomitic limestone. The deposit forms a refolded 
anticline plunging almost north. The strike of the country 
rocks of the phosphorite runs more or less N-S to NW-SE in the 
southern portion and more or less E-W in the northern portion 
of the area. They dip at 45°- 75° west to WNW and 50° north in 
the two portions respectively. 
The p2°5 content varies from west to east. The richest 
portion of the deposit (> 20 per cent P2°5^ *s confined to the 
central portion of western part where it is composed of columnar 
and laminated algal phosphorite. At times the individual algae 
attains a length upto 10 cm and commonly occurs more or less at 
right angles to the bedding plane of dolomite. The branching 
type of algae is also common. The reworked or recemented variety 
occurs at the southern end of western part while at the northern 
tip the fragments and pellets of different sizes of algal 
stromatolites are found embedded in the dolomitic ground mass. 
Angular to sub-angular fragments of algal stromatolites associated 
with brecciated cherty quartzite and calcareous matter can be 
seen on the isolated hill tops in the SE and Sm parts of the area. 
At places the larger phosphorite fragments show complete algal 
structures. 
Chapter IV 
BIOTA OF STROMATOLITES 
Introduction 
The stromatolites are known essentially as biogenic soft 
sedimentary structures formed by the lime secreting activity 
and/or binding some unicellular alga, viz., Cyanophycae (blue-
green algae), Chlorophycean (green algae) and some time 
Rhodophycea (red algae). The formation of stromatolitic structure 
is believed to be a process of trapping fine sediments among the 
obtruding mucilaginous filaments of mat-like algal colonies and 
binding them with a thin film of gelatinous organic matter. The 
alga start their growth with incrustation on the substratum and 
proceed to grow vertically towards the sunlight. Successive 
increment in their replicas causes an upwardly convexed 
laminated structure called stromatolite. The stromatolitic 
structures vary in size and gross form, ranging from massive 
columns to digital structures or a combination of both depending 
on their environmental conditions. 
The stromatolite being one of the important evidences of 
Precambrian life of the world has been the subject of intensive 
study by many workers. Ancient stromatolites are regarded as the 
close analogues of the modern algae forms. They have been 
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successively used as stratigraphic marker beds, regional and 
local correlation in the Urals and Siberia (U.S.S.R.), Zaire, 
Zambia and Angola (Africa), Southern Australia and some parts 
of U.S.A. and Canada and in the Lesser Himalayan and Vindhyan 
regions of India. 
The discovery and study of stromatolites from the Precambrian 
Aravallis of ^ ajasthan by iMuktinath and Sant (1967), Raja &ao, 
Iqbaluddin and Mathur (1968), Banerjee (1971 b,c), Chauhan 
(1973, 1979) and Barman et al. (1978) have shed new light on 
the problems concerning stratigraphy, accumulation and distri-
bution of phosphorite in the vicinity of Udaipur. 
This chapter deals mainly with the identification and 
classification of various stromatolitic form species of the 
study area and their probable stratigraphic correlation with 
other Precambrian stromatolites of the world. Paleoenvironmental 
conditions of the phosphorite formation are also discussed. 
Salient Features 
The following salient features were observed in the stroma-
tolites in course of their study in the field: 
1. The stromatolites have developed laminated and biogenic 
sedimentary structures, all lamina surface being convex 
upwards, i.e., the convexity of the laminae is always towards 
the top side of the bed in which they occur. 
2. They are always disposed more or less at right angles to 
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the bed on which they grow and never parallel to the 
latter though they may sometime show slight deviation from 
their vertical deposition due to the effect of water current 
or wave action at the time of their growth. 
3. The convex lamina generally coalesce to form lateral walls. 
4. The stromatolitic structures are invariably thin and narrow 
at the base but become thicker and wider towards the top 
during later stages of their growth. 
5. The algal laminated bodies formed around a shell fragment 
or sediment particle are known as Oncolites. They are 
unattached forms and do not have any definite relation to 
the bed in which they occur. 
Classification and Nomenclature 
According to the classification proposed by Pia, J. (1927), 
the Spongiostromata is divided into two sub-families, the 
Stromatolithi and the Oncolithi. Collenia, Cryptozoon and 
Weedia are classed under the sub-family Stromatolithi and 
Osagia, Ottonosia and Pyenostroma are placed under the sub-
family of Oncolithi. Fenton, C.L. and Fenton, M.A. (1937), 
Maslov, V.P. (1939), Cahen, L.J.A. and Mortelmans, G. (1946), 
Rezak, R. (1953), and several others used the stromatolites for 
local stratigraphic correlation. Rezak (1953) described the 
stromatolites of Belt Series and used a classification based on 
the mode of growth, gross form of colony, and also the nature 
and orientation of their laminae. 
Logan, B.W., Rezak, R., and Ginsburg, R.N. (1964) have 
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classified the stromatolites mainly on the basis of arrangement 
of the basic geometric units (hemispheroids and spheroids) from 
which stromatolites are built (Fig. 4). The arrangement of the 
geometric units is considered to be the reaction of the algal 
mats to the environmental factor control. There are three main 
types of arrangement corresponding to Collenia, Cryptozoon and 
Oncolites which are differentiated as: 
i) Laterally linked hemispheroid - Collenia species (LLH) 
ii) Vertically stacked hemispheroid - Cryptozoon species (SH) 
iii) Discrete spheroids - Oncolites. 
The laterally linked hemispheroid is further differentiated 
into (i) close-linked and (ii) the space-linked hemispheroids, 
depending on the space between the structure and the diameter 
of the dome. 
Since the majority of stromatolite structures are the 
combination of these three arrangements/ the form species of 
stromatolites identified from the work area closely resemble 
Collenia, Cryptozoon and Weedia. 
The stromatolites of Matoon and Dakan Kotra are classified 
on the basis of arrangement of the basic geometric units (see 
Logan et al., 1964) and serial section technique (see Krylov, I.N., 
1960). The basic morphological criteria of identification and 
classification of the stromatolites, the general shape of the 
structure, mode and kind of branching, nature of lateral surfaces 
and boundaries, the degree of convexity (width/height) of the 
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elementary laminae/ width of intercolumnar spaces, character and 
number of layers are taken into consideration. Based on the 
nature of disposition of the stromatolites with respect to the 
bedding plane and their mode of occurrence, three-dimensional 
forms of the stromatolites (Fig. 5) have been reconstructed with 
the help of a number of photographs and sketches. 
Description of Stromatolites 
In accordance with Logan et al. (1964) the stromatolites 
from these areas are compounded by laterally linked hemisphe-
roids - LLH and vertically stacked hemispheroids - SH. The 
geometric description of the forms is suggested as follows: 
1. LLH - S ... ... LLH - C 
2. LLH - S ... ... SH - V 
3. SH - V ... ... LLH - (C and S) 
Figures 6(A) and (3) show the laterally linked hemisphroid 
(LLH) with space lateral linkage (S) at their base but the first 
pass upward into laterally linked hemispheroid (LLH) with 
closed linkage (C) while the third into stacked hemispheroids 
(SH) with variable basal radius (V). At the base (Fig. 6c) 
vertically stacked hemispheroids (SH) with variable basal radius 
(V) pass upward into laterally linked hemispheroids (LLH) where 
the individual heads are closed (C) and separated (S) from one 
another. 
THREE DIMENSIONAL RECONSTRUCTION 
OF STROMATOLITES 
1 - Collenia Columnaris 2-Collenia Baicalica 3 - Collenia Kusienssis 
4 -Min jar ia Calceolata 5 - MinjariaSpecies 6 - Baicalica Prima 
7 - Baicalica Species 8-Collenia Symmetrica 9-Weedia Walcott 
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A concise and systematic description of the identified 
stromatolitic form species is given as follows: 
Collenia columnaris - Fenton and Fenton 
The form species resemble those described by Fenton and 
Fenton (1937) and Valdiya (1969). They are large columnar 
structures, vertically elongated and unbranched with upwardly 
arched laminae and occur perpendicular to the bed rock. The 
individual laminae is dome-shaped, closely spaced and broadened 
towards the top. The columns are generally ellipsoidal in cross 
section and rarely rounded. Thickness of the individual lamina 
varies from 3 to 4 mm. The columns range from 10 to 30 cm in 
height and 1 to 5 cm, in diameter. Collenia column aris is 
very similar to LLH-C types of Logan et al. (1964). The outer 
rims of the columns some times, coated with phosphatic minerals, 
at* reported from siliceous dolomitic limestone from the eastern 
part of Dakan Kotra (Pl.V, Fig. 2). 
The comparison holds good for this form species found in 
other parts of the world as suggested by Valdiya (1969) and 
Chauhan (1973). Collenia columnaris was frequently reported 
from the Burzyan series (Lower Aiphean) and Avzyan series 
(Middle aiphean) of South Urals (Keller, B.M. et al., I960; 
Krylov, 1960) and from the Altya dolomite of ^ avali Group, 
Belt Series of north-western United States (Fenton and Fenton, 
1931, 1937). 
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Collenia baicalica - Maslov 
It is characterised by dichotomous branching. The branches 
conspicuously grow at its base and rapidly expand upwardsdevelop-
ing a club-shaped structure. This form is round to oval-shaped in 
cross section. The thickness of the individual layers varies 
from 1 to 3 mm. The height of the columns varies from 6 to 20 cm. 
and diameter/ from 2 to 7 cm. The convexity factor ranges 
between 1:2 and 1:3. The form is similar to laterally linked 
hemispheroid (LLH) with space lateral (S) as described by Logan 
et al. (1964). 
Collenia baicalica/ reported from the phosphatic horizon of 
Matoon (Pl.V, Fig. 3), is characteristically phosphatic in 
nature and serve as an ideal host for the accumulation of 
phosphorite. It is characteristic of middle Riphean of U.S.S.R. 
represented by Yurmatian series of southern Urals (Krylov, 1960), 
Maya series of Uchur-Maya region in Eastern Siberia (Keller et al./ 
1960) and the lower Tungusika series of the Turukhansk and 
Yenisey ranges of the western part of eastern Siberian platform 
(Semikhatov/ M.A. , 1960). 
Collenia ku si en sis - Maslov 
This form is characterised by vertical branching columns 
and looks similar to that described by Maslov (1937) and Valdiya 
(1969). The branches which generally spread out from the main 
column are divided into sub-branches and bifurcated or trifurcated. 
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The shape of the branches is generally oval and elliptical in 
cross section. The columns range from 10 to 30 cm in height 
and 2 to 4 cm in diameter. The thickness of the individual 
lamina varies from 1 to 3 mm. The degree of convexity of the 
laminae is 1:4 at the wider part and 1:1 at the narrower part. 
The lateral surface shows denticular projection surrounding the 
entire column. 
The form species has been widely reported from the phos-
phorite horizon lying in the central portion of western part in 
Dakan Kotra (PI. VI/Fig. 1). The comparison of this species with 
the forms found in other parts of the world was made by Valdiya 
(1969) and Chauhan (1973). This form is a characteristic and 
widespread stromatolite of the lower Riphean group of U.S.S.R., 
the Burzyan series of southern Urals (Krylov, 1960), and Uchur 
series of the Uchur-Maya region in south-eastern Siberian platform 
(Keller et al./ 1960). Collenia kusiensis is also known to occur 
together with the middle Riphean form, Collenia baicalica from 
Maya series of Uchur-Maya region of U.S.S.R. 
Baicalica prima - Semikhatov 
It shows columnar structures with irregular shape. A number 
of knotty protuberances give an indication of arrested branching. 
The elementary laminae are flattened, dome-shaped and completely 
envelop the lateral surfaces. Height of the individual columns 
vary from 10 to 40 cm and 3 to 10 cm in diameter. The laminae 
are composed generally of closely spaced layers of collophane. 
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Fine grained c a l c i t e and dolomite are the main const i tuent of 
binding mater ia l . Clas t ic quartz occurs along the laminar 
margins. The other character resembles those described by 
Semikhatovs (1960) and l a t e r described by Raaben, M.E. (1969) 
These forms are cha rac t e r i s t i c a l l y phosphatic and recorded from 
Dakan Kotra area associated with other form species (PI.VI, 
Figs. 2 and 3 ) . The 3aical ica assemblage, c h a r a c t e r i s t i c of 
i^ddle Riphean of U.S.S.R., was represented by Uralian 
s t r a to type (Yurmalian ser ies ) in most Siberian section 
(Semikhatov, 1960). 
Collenia symmetrica - Fenton and Fenton 
This form species i s s imilar to Fenton and Fenton (1937) 
species and characterised by loaf l ike s o l i t a r y depressed 
hemispheroid in the form of massively concavo-convex and 
occasionally very i r regu la r ou t l ine . The laminae are closely 
spaced and smooth to crenulated, f la t tened cen t ra l ly and down-
folded abruptly at the margins. The height var ies from 2 to 7 cm 
and width i s generally 5 cm (PI. VII, Fig. 1 ) . Under microscope 
they show fine grained calcareous matrix with c l a s t i c quartz 
and f a in t ly i so t rop ic laminar c lo ts of collophane and f rancol i t e 
(PI. iC, Fig. 4 ) . They are e s sen t i a l ly phosphatic and best seen 
from near Matoon v i l l a g e . 
Collenia symmetrica has been reported from the lower par t 
of the Sinjeh Formation of Piegan Group, Belt Series of U.S.A. 
(Fenton and Fenton, 1937) and the 3aken Formation of the Burzyan 
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series (Lower Riphean) of southern Urals (Krylov, I960; Keller 
et al., 1960). 
Manjaria calceolata - Korolyuk 
The colonies of Hinjaria calceolata species appear sub-
cylindrical and often columnar. The columns appear vertical 
or tilted. The lateral marginsare generally smooth. The 
height of algal column varies from 5 to 30 cm and the width 
ranges from 2 to 5 cm. The species mainly contain collophane, 
francolite and dahllite as phosphatic minerals in very fine 
microlamination while clastic carbonates and detrital quartz 
occur as binding material. This form resembles Korolyuk's 
form species and can be classed under LLH-S type of Logan et al. 
(1964). 
This form associated with phosphorites has been reported 
from the western part of Dakan Kotra phosphatic horizon (PI. VI, 
Fig. 3 and PI. VII, Fig. 2). This form shows similarity with 
the Columnocellenia calceolata of Krolov, V.G. and Krylov, I.N. 
(1962) from the lowermost member of the upper Riphean of 
Chatkaragackaya and Kizilbeskaya stages of U.S.S.R. Similar 
forms have also been reported from the middle to upper Riphean 
* 
of the Talaskiya and Tienshan ranges of China and Mangolia. In 
Tienshan Ranges these forms are found associated with phosphorites. 
Weedia - Walcott 
Such types of algal structures are represented by parallel 
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to subparallel laminae. They are convex, dome-shaped structures 
and generally furnished with tubercles and ridges of various 
sizes. The individual lamina , when magnified show minute 
crenulations. This form genus has not been classified into 
form species because of lack of their diagnostic characters. 
The occurrence of these stromatolites with the development of 
cracks on weaker planes along their laminae may be described as a 
laterally linked variety (Logan et al., 1964). These stromatolites 
are rich in phosphatic minerals and associated with dolomitic 
horizon of Dakan Kotra (PI. VII, Fig. 3). 
Correlation, Environmental Condition and 
Age of the Phosphoritic Stro-
matolites 
The occurrence of stromatolites in the vicinity of Udaipur 
is topographically controlled. In the old eroded valley of the 
basement rocks in the geologic past, which was invaded by marine 
transgression, stromatolitic colonies and biohermal phosphate 
accumulated. The stromatolites in the phosphatic horizons and the 
associated rock units represent a spectrum of environment that 
ranges from shallow intertidal to subtidal zone. 
Many earlier workers namely Black, M. (1933), Young, R.3. 
(1935), Ginsburg (1955, I960), Logan (1961),Logan et al. (1964), 
Monty, C.L.V. (1967), and Gebelin, C.D. (1969) have explained 
that the stromatolite were formed mainly by the trapping and 
binding of detrital carbonaceous sediment to an organic layer of 
72 
blue-green algae. The presence of such algae also influences the 
stability of the grains size of sediment and surface morphology. 
The presence of calcite and dolomite in the laminae of stroma-
tolites may be attributed to the effect of dumping as well as 
binding of such grains on to the filament and unicellular algae 
(predominantly blue-green). 
The laterally linked hamispheroid (LLH) type structures are 
generally formed in continuous mats and algal-bound sediments 
formed in intertidal mudflat environment (Logan et al., 1960). 
Similarly the vertically stacked hemispheroids (SH) develop on 
intertidal mudflat where the scouring action of waves and other 
intercasting factor prevent the growth of algal mats. 
Recent studies by Achanar, C.N.and Johnson, 7.H. (1969), 
Playford, G. and Cockbain, A.S. (1969), Trompette, R. (1969), 
Awramick, S.M. (1971), Serebryakov, S.N.and Semikhatov, M.A. 
(1974), have shown that majority of the world's ancient stroma-
tolites are from subtidal setting while only a few have been 
reported from intertidal to superatidal environment. 
The present study of stromatolite, from Matoon and Dakan 
Kotra area reveals the presence of Cqllenia columnaris, Collenia 
baicalia, Collenia kusiensis, Minjaria calceolata and Weedia, 
etc. These stromatolites are phosphatic in nature except 
collenia columnaris. The stromatolitic structures, viz., collenia 
&nd Oncolites have also been reported from the phosphorite 
bearing Sinanian rocks of China and some parts of U.S.S.R. 
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(Sushinskii, 3.1., 1964, 1969). It is therefore, reasonable to 
believe that the phosphorite have some genetic relation with 
stromatolites. Based on the experimental work of Riviere, A. 
(1941) it was suggested by Charles (1953) that the accumulation 
of phosphorus on the sea floor by flourishing benthonic algal 
growth might cause phosphorite formation in the euphotic zone. 
Benthonic phosphatic stromatolite in all of the phosphorite 
deposits of Udaipur region clearly indicates that the accumulation 
of phosphorus was restricted to the zone of photosynthesis. It 
is, therefore, inferred that algal stromatolitic columns are 
markedly phosphatic and the intercolumnar spaces are made up of 
non-phosphatic minerals like calcite, dolomite, etc. Another 
significant observation is that the form and nature of stroma-
tolitic laminae were the controlling factors of phosphate 
accumulation. 
Collenia columnaris, which is characterised by little or no 
intercolumnar spaces, tight packing, stout growth, did not favour 
the precipitation of phosphatic material, whereas the assemblages 
of Baicalica, Mini aria, Collenia symmetrica, etc., with very 
large intercolumnar spaces, branching stems and sparsely arranged 
highly convex laminae served as ideal hosts for the accumulation 
of phosphatic sediments. 
The reworking of phosphorite and quartzite indicated by 
irregular orientation of algal fragments and quartzite pebbles 
indicates the high energy movement of water in a shallow water 
environment. A high energy condition is also evident from the 
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predominance of sand s ize quartz grains and near absence of 
clayey mater ia l in the majority of Matoon and other phosphorite 
deposi t s . 
In the Udaipur region, the following sequence of a lgal s t r o -
ma to l i t i c phosphorite has been observed: Brecciated a lga l , s t r o -
mato l i t i c phosphorite-laminated a lga l , phosphorit ic s t romatol i tes-
s t romato l i t i c domes and columns (LLH or SH), Oncolites (SS), 
cryptalgal lamini tes . This sequence represents a typica l shallow 
subt idal sequence of decreasing energy conditions as per model 
presented by Gebelein (1969). But the s t romatol i tes passage i s 
a lso connected with increasing energy of water current , which 
represents the i n t e r t i d a l condition. Therefore, i t can be said 
tha t these phosphorites appear t o have been formed in a somewhat 
r e s t r i c t e d basin of deposition under shallow subt idal t o shallow 
i n t e r t i d a l environmental condit ions. 
The present study following Banerjee (1971) and 3arman et a l . 
(1978) indica tes th ree b ios t ra t ig raphic zones of Matoon formation 
in which the phosphorite horizons are known t o occur associated 
with s t romato l i t es , Collenia columnaris (non-phosphatic) and 
Collenia kusiensis are confined to the lower members while 
middle members are dominated by Baicalica prima, Minjaria 
ca lceola ta , Collenia symmetrica and ra re ly by Collenia kus iens i s . 
The upper zone i s characterized by Oncolites and other deformed 
s t romato l i t es . Collenia columnaris assemblages are the 
cha rac t e r i s t i c of lower Riphean. The age of the lower Ripheans 
i s said to be 1,300 t o 1,500 m.y. Baicalica assemblages are known 
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t o occur from middle Riphean. The age of the middle Riphean i s 
1/000 t o 1,300 m.y. (Keller et a l . , 1960). Mini a r ia ca lceola ta 
belongs t o the lower par t of upper Riphean and/or upper par t of 
middle Riphean, whose age i s 600 to 620 m.y. (Salops, L . I . , 1968). 
However, the absolute age of upper Riphean according to K-Ar 
method was determined to be 600 to 1,000 m.y. The Ripheides 
orogenic cycle has been assigned an age of 600 t o 1,090 m.y. 
(Polkhanov and Gerling, 1960). The age of t he Karatau se r i e s of 
Ural which contains the minjaria assemblages, has been assigned 
between 640 and 1,000 m.y. The middle Riphean assemblages in 
southern Ural , Turukhan ranges, Tienshan Ranges and par t s of 
Siber ia are represented by Baicalica assemblages. Similar ly , the 
Gangolihat dolomite of the calc-zone of Pithoragarh, the Deobans, 
the lower Shali limestone and Tundapthar limestone in the l esse r 
Himalayas are characterised by Collenia ba ica l ica with Collenia 
columnaris and Collenia symmetrica (Valdiya, 1969). The presence 
of Minjaria ca lceola ta in Aravalli limestones i s s ign i f ican t since 
these forms are reported from the lower most par t of the upper 
Ripheans of Chatkaragackaya and Kizilbelskaya stages of U.S.S.R. 
and from the middle to upper Riphean of Talaskiya in Tienshan 
ranges in China. I t i s , therefore , suggested t h a t the age of 
Matoon Formation could be fixed somewhere between Middle and 
Upper Riphean. The Debari Formation and Udaipur Formation appear 
to be older and younger than the Matoon Formation respect ive ly . 
Accordingly, the Aravalli Formations may perhaps be re-dated 
between 1,000 t o 1,500 m.y. 
Chapter V 
PETROMINERALOGY 
The petromineralogic description and characteristics of 
the phosphorites and the rocks associated with them are mainly-
based on thin section study of the representative samples, 
collected from Matoon and Dakan Kotra. The x-ray powder pattern 
was also studied for some identified minerals. The compositional 
characters of the phosphate minerals were determined by infra-
red absorption spectroscopy. Radioluxographic techniques were 
applied for locating radioactive minerals in uncovered thin 
sections. The heavy minerals in the insoluble residues of 
phosphatic rocks and dolomitic marble were also determined. 
Phosphorites 
It is well known that phosphorite contains more than one 
apatite like minerals' and the following names have been used 
to indicate the subspecies; pedolite, dahllite, francolite, 
staffelite, kurskite, grodnolite, wilkeite, ellestadite and 
morinite. Since such wide compositional variations are common, 
hence it is convenient to use collophane as a generic term in 
phosphorite. The minerals identified in these phosphorites are 
described in detail. 
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Collophane 
Collophane happens to be the dominant mineral of phosphates. 
It occurs in the form of fine granules, suo-angular to angular, 
elongated to wedge-shaped fragments of stromatolitic phosphorites 
and also as an interstitial material between the gangue minerals. 
Collophane in Matoon phosphorites generally appears light to dark 
grey in colour and faintly anisotropic. The thin sections of 
the .'4atoon phosphorite show extremely fine and irregular 
granules of collophane and phosphoritic algal stromatolite 
cemented o/ calcareous and cherty material (PI. VIII, Figs. 1 
and 2). The average size of phosphatic granules ranges from 
0.03 to 0.06 mm. Irregular fragments of phosphoritic algal 
stromatolite of varying sizes occur in association with 
cherty brecciated quartzite (Pi. VIII, Figs. 3 and 4). The 
algal structures show yellowish brown and light to dark grey 
colour. Collophane chiefly occurs either in the form of random 
rounded grains or arranged in linear bands. The carbonates occur 
either in discontinuous clusters or as disseminated individuals 
interlocked in collophane. This is a common feature of the 
phosphorites. Occasionally the clusters of carbonates follow a 
linear arrangement and are found in association with quartz. 
Apatites later generation of crystallization is rather rare. The 
presence of francolite and collophane projecting outwardly 
from a geode of quartz (PI. I*C, Fig. 1) indicates incomplete 
cementation during reworking of Matoon phosphorites• 
. > " ' / • ; ' - - ' ' , - ' • - > 
* "* - ''-W 
'•lost of the phospnatic minerals frbm Jakan Kotra, wli^ ch 
* •
 m ' \ . 
78 
occur between the gangues are spherical, oval and pelletal in 
shape (PI. IX, Figs. 2, 3 and 4) and range in size from 0.03 
to 0,08 mm in diameter. These pellets and ovules appear 
isotropic. The stromatolitic phosphorite, which is composed of 
elongated to wedge-shaped fragments of stromatolite and varies 
in size from 0.1 to 2.0 mm is partially replaced by collophane, 
francolite and dahllite, which occur in a matrix of crystalline 
carbonate with minor amounts of subangular to subrounded fine 
grained quartz (PI. X, Fig. 1). In a few cases the collophane 
ovules and pellets are rimmed by light grey coloured dahllite 
(Pl.X, Fig. 2). The phosphatic ovules are made up either of 
extremely fine grained francolite (light colour) or of collophane 
(dark colour). Often numerous veinlets of calcite cut across the 
phosphatic band (PI. X, Fig. 3). Granular apatite frequently 
occurs along the contact of larger calcite veins and collophane 
bands. Complete algal structures namely Collenia symmetrica and 
Hiniaria species were identified from Matoon and Dakan Kotra 
phosphorites (PI. X, Fig. 4 and PI. XI, Fig. 1). 
Quartz 
Quartz is the dominant gangue mineral of the fragmental 
phosphorites. In grain size it varies from 0.009 to 0.29 mm in 
diameter and in shape subangular to subrounded. The mineral 
shows oblique to slightly undulose extinction and occurs in two 
forms associated with collophane, viz., (i) as tiny inclusions in 
collophane measurable in micron scale, and (ii) as coarse grained 
recrystallised quartz and chert forming the matrix of phosphate 
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minerals (PI. <1, Fijs. 2 and 3). Suheiral quartz grain also 
found in association with dolomite (PI. XL, Fig. 4). Often the 
carbonates, cellophane and quartz are coated with ferruginous 
material. The possiole fragmentation and brecciation of the 
original columnar stromatolites owing to wave action is indicated 
oy the pretence of the fragmental phosphoritic stromatolites in 
a cement of chert and quartzose material (PI. VIII, Figs. 3 and 4). 
Calcite and Jolomite 
Calcite and dolomite are the predominant gangue minerals 
of the stromatolitic phosphorites, ^phanitic to finely crystalline 
grains of dolomicrite are also present in these phosphorites. 
Calcite is generally colourless to light grey in colour and 
varies in size from 0.30 to 1.18 mm. Dolomite also snows 
almost the same optical characteristics and varies in size from 
0.38 to 1.76 mm. Calcite and dolomite in the Matoon phosphorites 
occur as very fine grained ground mass and rarely they are coarse 
grained. In Jakan Kotra phosphorites they are fine to coarse 
grained. Cleavages are well-developed in the coarse grained 
calcite forming the ground mass (PI. i:C, Fig. 3). Fine to medium 
grained calcite and dolomite envelope the collophane found in the 
intercolumnar spaces of stromatolites. The light to dark greyish 
cryptocrystalline laminae of collophane generally have gradational 
ooundaries with adjacent laminae of fine grained calcite and 
dolomite (Pi. XII, Fig. 1). Penetration of the grain boundaries 
of collophane in to that of calcite provides an evidence in 
80 
support of the replacement of calcite by collophane, grain 
by grain. 
accessory Minerals 
The carbonate mosaic is constituted mainly of carbonate 
minerals together with minor amounts of chert, feldspar, mica 
and sericite. Replacement of calcium-phosphate by chert which 
is a common feature, indicates partial silicification of Matoon 
phosphorites. Chert along with some calcite and dolomite has 
invaded the fractures in collophane. Under microscope chert 
looks fine grained, cryptocrystalline and colourless to faintly 
brownish in colour (PI,XII, Fig. 2). 
The other minerals identified, viz., feldspar, mica, 
sericite and glauconite occur as shapeless plates and elongated 
laths (PI. XII, Fig. 3). Sericite and muscovite are generally 
colourless to yellowish in colour. Glauconite which is olive-
green to dark green in colour occur as laths or flakes in 
Dakan Kotra phosphorites. Secondary limonite and limonitised 
pyrite occur sporadically. 
Heavy Minerals 
Heavy minerals in phosphorites, dolomitic marble and 
phyllites consist mainly of rounded grains of tourmaline, zircon, 
rutile, anatase, garnet, zoisite and some opaques in order of 
abundance. The abundance and distribution of these heavy 
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minerals are variable in different samples. In the most of the 
samples, their amount hardly exceeds 0.2 per cent by number of 
the total grains in any individual samples. 
Tourmaline mostly occurs as small rounded to subrounded 
grains in these phosphorites. Most of the grains are coloured 
brown but black varieties are also common. The zircon grains 
are smaller in size as compared to tourmaline. They occur as 
rounded to completely unabraded grains whose original crystal 
faces can oe marked out. 3arnet occurs as rounded to subrounded 
grains of deep red colour in the Dakan Kotra phyllites. 
Reddish-brown coloured rutile occurs in tabular form in 
the phyllites of Dakan Kotra (PI. XII, Fig. 4). Anatase which 
is commonly identified from all these rocks of area studied occurs 
in various forms. Pseudo-octahedral and tabular crystals of 
blue colour are very common (PI. XIII, Fig. 1). Zoisite occurs 
in the form of euhedral small tabular crystal (Pi. XIII, 
Fig. 2) of light grey colour. Small quantities of opaque 
minerals namely magnetite and ilmenite are commonly seen in 
these phosphorites as well as in other associated rocks. 
Radioactive Minerals 
Forty samples (26 from Matoon and 14 from Dakan Kotra) were 
selected from these phosphorite horizons for radioluxographic 
and radiometric analysis. Radioluxographic techniques were 
applied following Mohammad H. (1975) procedure. 
The intensity of radioactivity in these phosphorite is very 
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low and mostly the samples show the absence of any radioact ive 
mineral . The eU^Og values represent the t o t a l r ad ioac t iv i ty . 
Because t o t a l rad ioac t iv i ty i s low, the radioluxograph na tura l ly 
shows negative r e s u l t s . The r e s u l t of radiometric analysis 
shows the U^OQ and ThO- below 0.008 °/> in most of the samples. 
>C-ray diffract ion Mineralogical Analysis 
t-ray diff ract ion studies were carr ied out on a Ph i l l i p s 
PVJ 1010 C-ray difrractometer with a sealed proportional detector 
using nickel f i l t e r ed Cuk-Cradiation. Powdered phosphate samples 
less than 250 mesh were pressed in to CuK tube operated at 32 kv 
and 19 ma, which were scanned from 6 to 60° 28 at 2° 20/minute 
to assess the general mineralogy of the rocks. The uni t c e l l 
dimension ao and Co determined from (300) and (002) re f lec t ion 
respect ively using s i l icon as an in te rna l standard. 
The >C-ray pat tern (i"ig. 7) exhibi ts well defined dif f ract ion 
l i n e s at d-spacings for the minerals f ranco l i t e and d a h l l i t e . 
Mineral composition and axial parameters of Matoon and Dakan 
Kotra phosphorite samples are given in Table IV. The bulk of 
these phosphorites are composed of well c rys t a l l i zed apa t i t e 
o 
mineral that gave strong d i f r rac t ion peaks at 2.79 A, 2.77 A 
and numerous other spacings wnich correspond closely with 
d -spacing data for caroonate apa t i t e given by McCohnell, D. 
(1938 and 1952). The d-spacing data of samples C-rayed are 
presented in Table V. Dolomite with 211 strong refract ion peak 
o 
occurs at 2.88 A as well developed c lear rhomb, whereas i t s weak 
60 
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FIG. 7 X-RAY DIFFRACTOGRAMS OF PHOSPHORITES 
A.B &C-MATOON, D&E-DAKANKOTRA. 
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o o 
i n t ens i t y peak appears a t 2.18A and 2.14 A. Quartz show the 
o 
di f f ract ion peaks a t 4.30, 4.26, 4.23 and 1.6 A. The d-spacing 
o 
at 3.42, 1.87 and 1.85 A indicates the presence of c a l c i t e in 
these phosphorites. The di f f rac t ion data show the presence of 
o 
goethi te at 4.30 A in many of the samples. The diffract ion 
o o 
d-spacingsat 9.90 A and 9.80 * correspond to the presence of 
o o 
i l l i t e whereas peaks at 8.17 A and 8.03 A ind ica te the presence 
of kao l in i t e . 
The uni t c e l l dimensions of apat i te have been calculated 
o 
with an accuracy of + 0.002 A. I t can be seen from the un i t ce l l 
dimension data that ao var ies from 9.358 to 9.366 and Co from 
6.882 to 6.883. The axidl r a t i o (Co/ao) var ies from 0.7349 to 
0.7354. Thus i t indicates tha t there i s a la rger var ia t ion in 
the ce l l dimension of *a' ra ther than in *C'. I t suggests the 
subs t i tu t ion effect on the length of 'a* ax i s . 
Considering the axial parameter of apa t i t e studied 
(corresponding more to the parameters of the end member of 
caroonate f luorapa t i t e than to those of ideal f luorapat i te ) with 
excess of C02 the formula of th i s mineral may be calculated as 
Ca lQ (P04 , Co3OH)6(j?.OH)2 assuming the probaole replacement of 
P04 by C030H or C03F or C03 (see Deer, H . A . , Howie, R.A. and 
Zussman, J . , 1965 and McClellan, 3.H. and Lehr, J .R . , 1969). 
Infra-red absorption Spectral Study 
The infra-red spectra of Matoon and Dakan Kotra phosphorites 
have been recorded in the 2.5 u to 15 u wavelength region using 
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T a b l e IV: Mine ra l c o m p o s i t i o n and a x i a l p a r a m e t e r of 
Matoon and Dakan K o t r a P h o s p h o r i t e s . 
*«. d e s c r i p t i o n C o n s t i t u e n t s A x i a l A x i a l 
of sample Major Minor p a r a m e t e r r a t i o 
ao Co Co/aO 
Matoon Dark grey phos- A Q,C,G 9.364 6.883 0.735 
phorite with 
cherty brecciated 
quartzite 
Granular grey A Q,C,Q,I 9.362 6.882 0.7351 
phosphorite 
with dolomitic 
limestone 
Brownish g r e y A Q,C,G. 9 . 3 5 8 6 . 8 8 2 0 .7354 
p h o s p h o r i t e 
w i t h c a l c a r e o u s 
p h y l l i t e 
Dakan Dark grey A U,C,D,I 9.366 6.883 0.7349 
Kotra phosphorites 
with dolomitic 
marole 
Light greyish A Q,C,D.I 9.362 6.882 0.7351 
phosphorite 
with dolomitic 
marble 
A = Apatite 
G = Goethite 
Q = Quartz 
D = Dolomite 
C = Calcite 
I = Illite 
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K br p e l l e t on a Perkin-Elmer infra-red spectrophotometer. The 
I-R spectra of these phosphorites are i l l u s t r a t e d in Fig. 8 and 
the frequencies along with a c l a s s i f i ca t ion of t h e i r (PO) and 
(CO ) ions are tabulated in t ab les VI and VII . The vibrat ion 
frequencies corresponding to major absorption bands at approximately 
7, 11 and 13 u wave lenghts are primarily re la ted to the vibrat ion 
energies of (COO ions , which has more or less fixed s t ruc tu ra l 
configurat ion. The non-carbonate va r i e t i e s of a p a t i t e , give a broad 
absorption band a t 5.60 u (1040 ~ ) with two s a t e l l i t e peaks at 
about 9.15 u (llOO0"1"1) and 1040 u ^O0™""1) wavelength. The 
carbonate s t re tching mode V and V.. found near 7 and 9 u and the 
banding modes V_ and V. occur at about 11 and 14 u wavelength as 
suggested by Adler, H.H. and Kerr, P.F. (1963). According to 
Adler (1964) the peaks at 9.15 u and 9.60 u represent the V mode 
(P-0-asymmetric mode) while the peaks a t 10.40 u corresponds t o V 
mode (P-0-symmetric s t re tch) of PO. ions . The broad absorption band 
at 2.78 u to 2.86 u (3500-3600cm ) shows the presence of (OK) in 
a p a t i t e s t ruc ture (Romo, L.A., 1954) while the occasional presence 
of bands at 6.25 u (1600cm~ ) i s a t t r ibu ted t o the presence of 
adsorbed water molecules (Adrievaskaya e t a l . , 1967). 
Out of a l l these peaks the doublet in the 1450 ~ and 
870cm frequency region, appears in carbonate a p a t i t e s . Two 
hypothesis have been put forward to explain these peaks, v i z . , 
1) the bands are caused by the presence of some carbonate 
minerals l ike c a l c i t e or magnesite mixed with apa t i t e (Posner, 
A.S. , and Duyckaerts, G., 1954) and 2) the bands are formed by a 
67 
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molecular species forming an integral part of the apatite 
structure. McConnell,D. (1952/ 1960) and Altschuler et al. 
(1952) have demonstrated the existence of carbonate apatite 
as a distinct variety of apatite rather than a mixture of 
carbonate mineral and fluor-apatite. This has been substantiated 
by 1) infra-red spectral study of pure as well as apatite-car 
carbonate mixture whicn can show the presence of even 0.03 % 
CaCO-w 2) leaching studies and 3) heating experiments (Tuddenham, 
W.M.; and Lyon, a.J.P., I960; Rooney, T.P. and Kerr, P.P., 1967; 
Brophy, G.P., and Nash, T.J., 1968). 
The infra-red spectral studies of Matoon phosphorite 
samples (A, B and C) show the characteristic doublet absorption 
in the 1445 ~ frequency region. This, coupled with the absence 
of the V4 vibration of (CO ) ~ 2 in the 14.8 n (VlO0™"1) frequency 
region, a characteristic of all carbonate mineral, indicates 
that the CO- content of these sample is structural instead of 
any discrete carbonate mineral admixture. The infra-red spectra 
of Dakan Kotra samples (D and E) which show the doublet absorption 
in 870 ~ frequency region and presence of V vibration of 
(CO.,)- in the 710 ~ frequency region, indicates that the 
C0„ is in a state of discrete phase. The presence of a weak 
absorption peak in the 3600 ~x region in these sample 
indicates the presence of (OH) in the apatite structure. In 
Jakan Kotra sample (E) a hump at 1625 ~ was noticed and which 
could be due to the presence of hydroxy!apatite or due to 
moisture absorption during Kbr pellet preparation. However, the 
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Dakan Kotra variety shows a band at 650 ~ frequency region, 
which may be interpreted as due to the definite presence of 
hydroxylapatite. 
Most of the samples contain quartz, which is characterised 
oy the appearance of the bands at 780cm~ and 795cm~ frequency 
region. Infra-red spectra of the samples D and E, which show 
additional weak bands at 6.95 u and 11.40 ju wave lengths, 
indicate the presence of calcite while at 6.90 and 11.30 u, the 
presence of dolomite. The weak absorption band of illite 
appears at 7.75 u region. Some of the Matoon samples show the 
characteristic absorption band of ilmenite at 10.4 ji, hematite 
at 7.05 u and kaolinite at 9.65 u and 10.68 p regions. 
Dolomitic Marble 
In general, the rock is fine to medium grained. The major 
mineral assemblage in these rocks include mainly calcite and 
dolomite with quartz and rarely opaque of iron. Calcite and 
dolomite were distinguished by staining with alizarin red-S 
(Friedman, G.M., 1959). Calcite grains generally range in size 
upto 1.18 mm or more in diameter. The grains are generally 
colourless in appearance but also show greyish colour with 
two sets of intersecting cleavages (PI. XIII, Fig. 3). The 
grains are so arranged as to give the appearance of mosaic. 
Jolomite crystals vary in size between 0.38 and 1.71 mm in 
diameter. Recrystallization produced a medium to coarsly 
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crystalline mosaic in which many of the dolomite crystals show 
euhedral form (PI. XIII, Fig. 4). The unaltered calcite matrix 
shows patchy distribution of fine grained dolomite. 
The quartz, which is occasionally associated with the rocks 
occur in several forms. Many samples have rounded clastic 
grains of quartz. Authigenic euhedral crystal of quartz replacing 
calcite and dolomite eould be seen in some samples of Dakan Kotra 
area (PI. XIV, Fig. 1). There are also veins of quartz (PI. XIV, 
Fig. 2) with ferruginous chert. 
Quartzites 
The quartzites are mainly composed of quartz with minor amounts 
of carbonate and micaceous minerals. The cementing material is 
fine grained quartz with some chert and iron oxides.The texture 
is typically granoblastic with medium to coarse grained quartz 
having angular to subangular and subrounded shape. Fine 
inclusions of minerals like tourmaline, apatite, zoisite and 
zircon are commonly seen in quarts (PI. XIV, Fig. 3). 
Several varieties of quartz have been identified according 
to the terminology given by Folk, R.L. (1958). Common quartz 
(PI. XIV,Fig. 3) occurs as monocrystalline grain and generally 
shows clear appearance except a few minerals with dusty inclusions. 
The stretched metamorphic quartz occurs in the form of poly-
crystalline grains with sutured boundaries along with the 
occasional development of muscovite (PI. XIV, Fig. 4). The 
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reworked quartz (PI. XV, Fig. 1) grains show abraded overgrowth. 
The/ are clear in appearance and often show inclusion of 
tourmaline, zircon, zoisite, mica and apatite (PI. XV, Fig. 2) 
Phyllites 
Microscopic examination of phyllites reveals that quartz, 
mica, biotite, feldspars and chlorite are the principal consti-
tuents with appreciable amounts of caroonate materials. The 
other minor minerals identified include graphite, pyrite, 
tourmaline, apatite, garnet, rutile and iron oxides. 
There are a few prophyroblasts of medium to coarse grained 
quartz having suoangular and subrounded shapes. The smaller 
quartz grains are frequently intermixed with muscovite and 
oiotite, while the large quartz grains often show eye-shaped 
pressure shadow (PI. XV, Fig. 3) filled up with caroonate, 
chlorite and muscovite. iome porphyroblasts of quartz show a 
halo of muscovite and chlorite around them (PI. XV, Fig. 4). 
Generally the phyllites along their foliation direction 
snow parallelism of micaceous minerals and quartz (PI. '<VI, 
Fig. 1) as well as microfolds (PI. XVI, Fig. 2). 
The greenish /ellov; coloured chlorite, appears almost 
isotropic and often shows inclusions of quartz and tourmaline 
(Pl.iCVI, Fig. 3). The suohedral grains of plagioclase feldspar 
(Pi. XVI,Fig.4) occur in association with quartz and micaceous 
minerals. 
C h a p t e r V I I 
GEOCHEMISTRY AND DISTRIBUTION OF TRACE ELEMENTS 
General Statement 
The general recognition of trace elements is not of recent 
origin. Earlier workers/ particularly in the beginning of the 
twentieth century/ have emphasized the significance and distri-
bution of trace elements in geological bodies. Washington, H.S. 
(1913), while discussing the distribution of the elements in the 
earth's crust stated that the minor elements were related not 
only to the rock types but also to the major elements constituting 
the rocks. Vogt, J.H.L. (1918) and Buddington, A.F. (1933) 
pointed out certain problems in the distribution of trace elements. 
However, in recent years our knowledge regarding the geochemistry 
of trace elements has vastly increased. 
Goldschimidt, V.M. (1937) has made certain useful observation 
regarding element distribution in rocks and minerals and proposed 
a geochemical classification on the basis of their chemical 
affinity. He observed that the elements indicate their presence 
into an iron phase, sulphide phase and a silicate phase and 
classified them as siderophile, chalcophile and lithophile 
elements respectively. Goldschimidt (1937) found that the 
distribution of the elements in these phases depends upon the 
electronic configuration of their atoms. He also explains 
certain interesting relationships on the basis of ionic radii 
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123 
and charge. The concept of ionic radius was first introduced by 
Bragg, W.L. (1937). 
Recent advances in geochemistry revealed that Goldschimidt's 
rules (first rule is based on his own observation regarding 
distribution of elements in rocks while the rest two were derived 
from inverse square law of electrostatic attraction applied to 
ionic lattice) need some modification. According to Fyfe, W.S. 
(1951) partial covalent bond in zinc compound shows certain 
departure from the laws governing isomorphism. Shaw, D.M. (1953) 
and Ahrens/ L.H. (1953) were of the opinion that the chemical 
bonding could explain for most of the geochemical relationship of 
elements during recrystallization. 
Ringwood, A.E. (1955a) used electronegativity as an indicator 
of bond type in rocks. The concept of electronegativity was first 
advanced by Pauling, L. (1948, 1960) and defined it as "the power 
of an atom is a molecule to attract an electron into itself". 
Ringwood (1955a) applied electronegativity to the distribution of 
trace elements and proposed the following rules: 
"Whenever mutual replacement between two elements in a 
crystal is possible, possessing appreciably different electronega-
tivity, the element with the lower electronegativity will be 
preferentially incorporated because it forms a stronger and more 
ionic bond than the other". The rule satisfactorily applies to 
such causes in which the difference in electronegativity is more 
than one. Ringwood (1955a) also favoured the use of ionization 
potential as suggested earlier by Ahrens (1953) and Goldschimidt 
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(1954) as a possible replacement of e lec t ronega t iv i ty c r i t e r i a . 
Graf, D.L. (1960) suggested the following five forms in which 
minor and t r ace elements occur in the carbonates: i ) Solid 
s o l u b i l i t y in the individual mineral; i i ) in d e t r i t a l mineral; 
i i i ) as authigenic p rec ip i t a t e s ; iv) as by products of r ec rys t a -
l l i z a t i o n and v) elements or t h e i r compound adsorbed by the various 
minerals . 
Strakhov,N.M.etal(1959) suggest tha t Fe, Mn, P and various other 
minor elements, v i z . , Cu, Ni, Co, V, Pb, Zn, Cr and Ga remain mainly 
in suspension during t ranspor ta t ion by r ive r water and enter 
solut ion only t o a minor extent . The differences in mode of 
element migration in r i ve r i s pa r t ly responsible for the d i f feren-
t i a t i o n of elements during sedimentation. 
to 
An attempt has been made/present and discuss the geochemical 
abundance and distribution of the significant trace elements 
associated with the phosphorites and associated rocks individually 
in the light of the work done as cited above. The concentration 
trend of the various trace elements occurring in the phosphorites 
of the study areas have been compared with the average values of 
trace elements in phosphorites as determined by Krauskopf(1955) and 
Gulbrandsen (1966) and also with the average trace element values 
computed by Tooms et al. (1969) who used the data compiled by 
Swami (1962) on world phosphorite deposits (Table XLIV). 
The trace elements of the various rock types including 
phosphorites of the two areas of study along with their ranges of 
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concentration is presented in Tables XLI, XLII and XLIII. Their 
relative distribution has been shown in Figs. 15, 16, 17 and 18. 
Fig. 19 represents the variation range of the trace elements found 
in the phosphorite horizons. 
Copper 
Copper is a strong chalcophile element in its geochemical 
behaviour. It occurs mainly in sulphide state though small amounts 
of copper have also been reported from silicate and carbonate 
2+ ° phases. The similarities among the ionic radii of Cu (0.71 A), 
Fe2+ (0.75 A) and Mg 2+ (0.66 A) make it possible for Cu2+ to 
2+ 2+ 
replace Fe as well as Mg , as for example in tourmaline 
(Carobbi, G. and Pieruccini, R., 1947). 
It has been experimentally shown that Cu is effectively 
absorbed by Fe (OH) , Mn (0H)4 and the clay minerals (Kauskopf, 
1956). Mitchell, R.L. (1951) and Synder, J.L. (1959) suggested 
the replacement of sodium and divalent iron in silicate and oxides 
by copper in the formation of independent sulphide minerals. 
The Cu content in phosphorites as reported by Krauskopf (1955) 
and Gulbrandsen (1966) is 4 to 40 and 100 ppm respectively. The 
concentration of Cu in Matoon phosphorite varies from N.D. to 80 
ppm whereas in Dakan Kotra phosphorite it ranges from 7 to 94 ppm. 
The copper content in quartzites associated with phosphorite is 
quite high and ranges from 78 to 600 ppm. The result of the 
analytical data and their variation from rock to rock clearly 
indicate preferential association of copper in silicate phase as 
compared to carbonate and phosphate. The graph showing Cu/P ratio 
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(Tables XLV and XLVIII) plotted against P_05 per cent (Fig. 20A) 
indicates an inverse relation with negative correlation coefficient 
(- 0.53) between Cu and P2°5* xt is suggestive of the ionic 
substitution of copper in apatite lattice during diagenesis. The 
negative correlation of copper with alumina and variable Cu/Al 
ratios further suggest the non-coherence of Cu with Al 0 . The 
strong negative correlation of Cu with Ca (C.C. = -0.78) may be 
2+ + due to replacement of Ca by Cu in apatite lattice. Copper 
seems to be geochemically related with magnesium and iron oxides 
as indicated by sympathetic relationship of Cu/Mg values with MgO 
per cent (Fig. 20B) and strong positive correlation coefficient 
with iron oxides. 
It is known that under deduced physico-chemical condition the 
algae was responsible for the removal of copper from stromatolites 
(toxin) and its concentration in the rocks adjacent to the algal 
matter (Raha, P.K., 1978 and Verma, K.K., 1978). It is therefore 
suggested that the distribution of copper in the carbonate, 
silicate and phosphate rocks has been largely influenced by the 
presence of stromatolites forming algae. 
Nickel 
The distribution of nickel in rocks was first studied by 
Vogt (1923). Geochemically/ nickel is a siderophile element and 
the bulk of it is always associated with metallic iron. The ionic 
04- ° 2+ ° 
radius of Ni^(0.69 A) where it is close to those of Mg (0.66 A) 
Fe" (0.75 A ) , suggests that nickel could substitute one or both 
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the elements. According to Goldschimidt (1944), nickel is likely 
to be enriched in magnesium bearing minerals because Ni-0 bond is 
stronger than Mg-0 bond and more covalent in nature. Ringwood (1955, 
1956) suggested the relationship among Mg-Ni-Fe phase on the basis 
of their electronegativity values. According to him, Fe-0 bond is 
2+ 2+ 
weaker than Ni-0 bond and Fe is more mobile than Ni . Therefore, 
2+ 2+ 
Fe is easily replacable by Ni 
The trace concentration of nickel in carbonate rocks has been 
reported by many earlier workers, e.g., 3 to 10 ppm by Karauskopf 
(1956), 10 ppm by Runnels and Schlicher (1956) and 15 ppm by Graf 
(1960). The studies carried out by Krauskopf (1955) and 
Gulbrandsen (1966) indicate that in phosphorites the concentration of 
Ni ranges from 4 to 200 ppm and 100 ppm respectively. The present 
study indicates that the abundance of Ni ranges from 143 ppm to 
near absence in Matoon phosphorites whereas it ranges between 14 and 
32 ppm in Dakan Kotra phosphorites. Nickel does not show any 
significant relationship with P205« The Ni/Al, Ni/Fe and Ni/Mg 
ratios are found to be variable in these phosphorites (Tables XLV 
and XLVIII). When Ni/Al, Ni/Fe and Ni/Mg ratios examined in more 
details by plotting against A1203, F^2°3 and M3° P e r c e n t a9 e <Fi<?. 
20C and D) they show a tendency towards an inverse relation 
suggesting the replacement of Al and Fe by Ni in Dakan Kotra 
phosphorites, whereas it (Ni) shows close coherence with the 
similar elements of Matoon Phosphorites. The sympathetic relation-
ship of Ni/Mg values with MgO per cent (Fig. 20E) suggests Ni was 
retained along with Mg in sediments under the favourable physico-
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chemical condition. Furthermore, adsorption of nickel by organic 
matter during their life activities is also possible (Nicholls,G.D. 
and Loring, D.H., 1962). 
Cobalt 
Cobalt is a siderophile element and member of iron family 
(Goldschimidt, 1929) or ferrides (Landergren, S., 1943). Geoche-
mically, cobalt is closely related to nickel. The ionic radius 
2+ ° 9+ ° 
of Co (0.72 A) is found very near to those of Ni* (0.69 A), 
0* ° ?+ ° 04. 
Fe (0.74 A) and Mg* (0.66 A). The larger size of Coz ion 
possibly restricts the entry of cobalt in the magnesium position 
to a greater degree than nickel. There is possibly a preponderance 
2+ 
of cobalt over nickel in soluble products of weathering. The Ni 2+ ion seems to more stable in solution than that of Co ion. It 
of 
has been suggested by 3utler, J.R.,(1953) that the loss/Co in the 
weathered product of igneous rocks is greater than Ni. 
The concentration of cobalt in Dakan Kotra phosphorite 
ranges from 8 ppm to absent, whereas, only four phosphorite 
samples of Matoon show 5 to 13 ppm of Ni. The result of the 
analytical data indicates that cobalt does not show any signifi-
cant relation with P?05. However,Co shows close coherence with Ni, 
Fe and Mg. Most probably the traces of Co found in these 
phosphorites were drawn from the weathering product of the 
adjacent older gneisses. The positive correlation coefficient 
of Co with C02 suggest their adsorption by organic matter. 
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Lead 
Lead is a chalcophile element and an element of ore 
complexes. In phosphate and silicate minerals it occurs 
2+ 2+ 
mainly as Pb . Lead (Pb ) appears intermediate in ionic size 
between Ca + and K and thus it is expected to occur in the 
c a r b o n a t e s , K-fe ldspars and micas s u b s t i t u t i n g potass ium. The 
2+ ° ?+ 
i o n i c r a d i u s of Pb (1.20 A) makes i t p o s s i b l e t o r e p l a c e Sr 
o 
(1.18 A). The Sr-0 bond is more ionic than that of the Ca-0 
2+ + 
bond, but Sr is much larger and enter the K position as 
2+ 
readily as Ca lattice sites (Heir and Taylor, 1959b). The 
Pb ion shields P0. ~ ion more effectively than Ca ions in 
apatite, where calcium occurs in nine-fold coordination with 
oxygen thus acts as a host for Pb. 
The Pb concentration in the carbonate rocks has been reported 
to be fairly variable, e.g., 5 to 10 ppm by Rankama, K. and 
Sahama, T.G.,(1950) and Krauskopf (1956), 16 ppm by Runnels, R.T., 
and Schleicher, J.A. (1956) and 26 ppm by Ostrom, M.E. (1957). 
In the present study concentration of Pb in phosphorites has 
been found to be highly variable. In Matoon phosphorite Pb ranges 
from 310 ppm to absent whereas in Dakan Kotra phosphorite, 
it ranges from 24 to 56 ppm. The concentration of lead in the 
adjacent quartzites varies from 11 to 800 ppm. The positive 
relationship of Pb with the elements related to apatite from both 
the areas suggests that under favourable physico-chemical 
condition, Pb was rather separated from its original host mineral 
during weathering and transported in the form of soluble stable 
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compound in association with carbonate minerals. It is/ therefore, 
probable that lead in the carbonate and phosphate rocks is mainly 
influenced by the presence of stromatolites forming algae. 
Zinc 
Zinc is predominently a chalcophile element. Clarke, F.w. 
and Washington, H.S. (1924) reported 40 ppm Zn in the upper 
2+ 
lithosphere. The crystallochemical parameters of Zn (r = 0.74; 
2+ 
e = 1.50; i = 2.70) are closely similar to that of Fe (2 = 0.75; 
e = 1.60; i = 2.67). Data relating to the ionic radii (r), electro-
negativity (e) and ionic potential (i) are taken from Taylor, S.R. 
(1965). The virtually identical ionic radii of these two ions 
2+ 2+ 
suggest that Zn should be camouflaged in Fe following the 
classical principles (Goldschimidt, 1937). However, Zn-0 bond is 
more covalent than Fe-0 bond as indicated by electronegativity 
2+ 
and ionization potential data. Zn also shows geochemical relation-
ship with Mg2+, Mn2+ and Ca2+. it has been suggested that Zn2+ 
should be able to replace Mg2+ (0.66 A), Mn2+ (0.80 A) and Ca2+ 
° 2+ , 
(0.99 A) in calcite, but not to as great extent as Mn (Berry, L.G. 
< 
and Mason, B., 1959). 
The concentration of Zn in Matoon phosphorite ranges from 20 
to 203 ppm, while in Dakan Kotra phosphorites it ranges from 6 to 
148 ppm. The concentration of Zn in adjacent quartzites varies 
from 5 to 112 ppm, whereas in the phyllites it is 114 ppm. The 
present study reveals that Zn is related to the elements present 
in apatite. From the sympathetic relationship indicated by Zn/Ca 
ratios plotted against CaO per cent (Fig. 20F) it appears that 
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zinc is present in the crystal lattice of calcite. The higher 
variability of Zn/Pb ratio and lower of Zn/Fe ratio indicate 
non-coherence of Zn with respect to Pb and Fe (Tables XLVI and 
XLIX). The negative correlation coefficient values of Zn with Mg 
2+ in the phosphorites of the two areas suggest replacement of Mg 
2+ by Zn , possibly in the calcium phosphate lattice. The higher 
concentration of Zn in phyllites is possibly due to their 
preferential entrance in biotite (Tauson/ L.V. and Kravchenko, L.A., 
1956). 
Chromium 
Chromium in phosphate and silicate rocks preferably occurs in 
pentavalent state, and rarely in trivalent or hexavalent state. In 
silicate minerals it occurs as a cation outside the complex 
silicon-oxygen frame work. Because of the identical chemical 
properties, i.e./ ionic size and ionic charge/ Cr replace ferric 
iron and alumina didochically in silicate rocks. 
The concentration of chromium in carbonate rocks/ as reported 
by ftankama and Sahama (1950) is 2 ppm, Krauskopf (1956), 5 ppm. 
Runnels and Schleicher (1956), 13 ppm, Ostrom (1957), 11 ppm and 
Graf (I960), 13 ppm. In the phosphate rocks the concentration of 
Cr was reported to be higher by Krauskopf (1955), 30 to 400 ppm 
and Gulbrandsen (1966), 1000 ppm. The concentration of Cr in 
Matoon phosphorite ranges from 270 ppm to absent whereas, in 
Dakan Kotra phosphorite it ranges from 30 to 147 ppm. In the 
adjacent quartzites Cr ranges from 62 to 450 ppm, which is quite 
high as compared to the phosphorites. In Matoon phosphorite Cr 
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shows close coherence with the elements related to silicate 
minerals as it is evident by its positive correlation coefficient 
with Si02, Fe203 and K 0 etc. Hirst, D.M. (1962) and Nicholls, 
0.0. and Loring, D.H. (1962) determined the relationship of Cr 
with Al. The variable Cr/Al ratios plotted against Al 0, per cent 
(Fig. 20G) shows an inverse relation suggesting non-coherence of 
Cr with alumina. According to Frohlich, F. (1960) the bulk of Cr 
present in sediment is found to be associated with mica and clay 
mineral, mainly illite. X-ray diffraction analyses of the phos-
phorites shows the presence of illite, that might be responsible 
3+ for the retention of chromium (Cr ). The Dakan Kotra phosphorite 
indicates the coherence of chromium with elements related to 
apatite, suggesting its concentration mainly due to presence of 
stromatolites forming algae. Vinogradov, A.P. (1953) also 
suggested the association of Cr with organic matter. 
Strontium 
Strontium is a lithophile element and occurs as oxysalts in 
2+ 
residual sediment. The crystallo-chemical parameters of Sr 
2^  (r ss 1.18, e = 1.0, i = 1.69) are closely similar to those of Ca 
(r = 0.99, e = 1.0, i = 2.02) and Pb2+ (r = 1.18, e = 1.6, 
i = 1.67). The virtually identical ionic radii of Pb and Sr 
suggest the replacement of the former by the latter in some lead 
minerals. 
In carbonate sediments Sr content varies widely as reported 
by Rankama and Sahama (1952), 425 to 765 ppm; Krauskopf (1956) 
139 
400 to 800 ppm; Runnels and Schleicher (1956) 470 ppm, Ostrom 
(1956) 490 ppm. and Graf (1960) 420 ppm. Strontium in phosphorites 
ranges from 50 to 1000 ppm as reported by Krauskopf (1955). 
Strontium in Matoon Phosphorite ranges from 49 to 517 ppm, whereas 
in Dakan Kotra phosphorite it varies from 104 to 251 ppm. Sr in 
adjacent quartzites ranges from 65 to 300 ppm and in phyllites, 
it is 104 ppm. 
The concentration plot of Sr with CaO and P 0^ (Pig. 20H and I) 
indicates a strong positive relationship from which it may be 
inferred that Sr was incorporated in the carbonate apatite 
structure at the time of its formation and remained fixed during 
the postdepesitional alteration. The strong positive correlation 
coefficient between Sr and P205 (0.62) in Matoon phosphorites favours 
the possibilities of formation of supergene strontium phosphate. 
The low Sr/Ca values (Tables XLVI and XLIX) in these phosphorites 
relative to any admixed CaC03 implies that Sr content was also 
derived from another source in addition to that present in calcium 
carbonate mineral. 
Rubidium 
Rubidium has been included in the group of lithophile elements. 
It is very similar in its chemical character to potassium with 
which it has close association. Rubidium apparently penetrates 
into the lattice of clay minerals where it replaces potassium 
(Horstman, E.L., 1959). Of all the alkali metals Rb possesses the 
highest tendency of intersticiftl capture and more readily 
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adsorbed in clays than potassium (Goldschimidt, 1938). The bulk 
of Rb, that is released during weathering of igneous and meta-
morphic rocks/ enter partially into the crystal lattice of 
clays as a result of adsorption. 
According to Wedepohl, K.H. (1970) the mean concentration of 
Rb is 6.37 ppm in dolomite, 6.67 ppm in silt, 9 to 100 ppm in 
sand and sandstone, 20 to 663 ppm in shale and 28 to 220 ppm in 
argillaceous sediment. Smimov, A.I. (1959) reported the highest 
concentration of Rb in phosphorites is 0.00077 per cent. In Matoon 
phosphorites Rb ranges from 4 to 14 ppm, whereas in Dakan Kotra 
phosphorites it varies from one to 14 ppm. The range of Rb in 
quartzites is from 6 to 34 ppm and in phyllites it is 166 ppm. 
Rubidium shows strong positive relationship with potassium in 
phyllites, because of its high adsorption energy. Rb in Matoon 
phosphorites show noncoherence with the elements related to 
apatite whereas in Dakan Kotra it is found associated with the 
phosphate minerals. The relatively constant Rb/Al and Rb/K 
values (Tables XLVI, XLVII and L) suggest their close coherence 
with potassium and alumina. The bulk of Rb in Matoon phosphorite 
seem to have been derived from the alumino-silicate minerals of 
adjacent older gneisses. 
Vanadium 
Vanadium is pronouncedly a lithophile element. It occurs in 
three stable oxidation states in igneous surrounding, viz., 
trivalent, quadrivalent and quinquevalent state. In sedimentary 
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rocks it occur in quinquevalent state. Vanadium seem to have been 
released in course of weathering of igneous rocks and subsequently 
incorporated in clay minerals due to low solubility and immobility 
of V(OH)3. The close affinity of V3+ towards Fe3+ and Al3"4" in 
micas possibly suggest the replacement of Fe and Al by V3+ 
(Wager, L.R. and Mitchell, R.L., 1951). 
In carbonate rocks the concentration of vanadium was reported 
to be widely variable by Runnels and Schleicher (1956) 300 ppm 
and by Graf (1960) 10 to 150 ppm. According to Jacob et al. (1933) 
the maximum concentration of V was found to be 1300 ppm in marine 
phosphorites of Idaho. Krauskopf (1955) quoted a range of 20 to 
200 ppm of V in phosphorites. The threshold value of van*Aw\n in 
t'hosphoria Formation(phosphorites)of Montana, Wyoming and Utah 
(U.S.A.) was found to be 300 ppm (Gulbrandsen, 1966). The 
concentration of vanadiotnin Matoon phosphorite ranges from 144 ppm 
to absent, whereas in Dakan Kotra phosphorite it ranges from 36 to 
121 ppm. Vana&WKyin adjacent quartzites of Matoon phosphorites 
ranges from 8 to 127 ppm, whereas in phyllites its concentration is 
154 ppm. 
Vanadium shows close coherence with the elements related to the 
phosphate as well as aluminosilicate minerals. The slightly 
variable V/P values (Tables XLVII, L) and sympathetic relationship 
of V with P205 per cent (Fig. 20J) in Dakan Kotra phosphorite 
suggest that vanadium was supplied to the basin along with 
phosphate mineral. In Matoon phosphorite vanadium shows negative 
correlation with P2°5' w h i c h Possibly suggests replacement of 
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P by V . The variable V/Al ratio plotted against A12<D3 per 
cent (Fig. 20K) indicates a sympathetic relationship suggesting 
the coherence of V with clays. This relationship coupled with 
positive correlation coefficient values of V with silica, iron, 
titanium and sodium suggest the association of V with alumino-
silicate minerals. 
Lithium 
Lithium is an alkali metal and strongly lithophile in its 
geochemical character. In many respects it follows magnesium. 
Due to high abundance magnesium acts as a protective element 
for lithium. Strock,L.w. (1936) suggested that the replacement 
of Li by Mg possible only when electrical balance of the 
structure is maintained by the introduction of a trivalent six 
coordinated cation. Li (r = 0.68, e=0.95) forms more ionic 
2+ 2+ 
bond with oxygen than either Mg (r = 0.66, e = 1.20) or Fe 
(r = 0.74, e = 1.70). 
The concentration of lithium in various rocks were reported 
by many earlier workers. Rankama and Sahama (1950) reported 
46 ppm of Li in shale, whereas Strock (1936) reported 26 g/ton 
of Li in limestone. Solodov, N.A. (1961) quoted upto 0.015 per 
cent of Li in apatite. 
The concentration of lithium in Matoon phosphorite ranges 
from one to 18 ppm,whereas in Dakan Kotra phosphorite it ranges 
from one to 9 ppm. Li in quartzite ranges from one to 24 ppm 
and in phyllites it is 34 ppm. 
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Lithium in both the phosphorites seems to be not related 
with the elements of apatite. The slightly variable Li/Mg 
ratio plotted against Mgo per cent (Pig. 20L) indicates a 
sympathetic relationship. It is suggestive of the close 
coherence of Li with Mg-mineral. It is, therefore, believed 
that during the process of weathering and sedimentation lithium 
followed the course of magnesium. 
Cadmium 
Cadmium is predominantly a chalcophile element in its 
geochemical character. The electronegativity of cadmium (e = 1.5) 
2+ is found close to that of zinc (e = 1.5) and Fe (e = 1.6). 
2+ ° The close similarities of the ionic radii of Cd (0.97 A) and 
2+ ° 
Ca (0.99 A), suggest that these elements are found closely 
associated with each other in nature (Sandell, E.3. and 
Goldich, S.S., 1943 and Rankama and Sahama, 1950). 
The geochemistry of cadmium during sedimentation processes 
has not yet been studied in details by any previous workers. 
Hence no reliable data is available for the distribution of Cd 
in sedimentary formations. Cadmium was determined in marine 
phosphorites by Rankama and Sahama (1950), Haberland, H. (1947), 
Malinovskii, F.M. (1955) and Kholodov, V.N. (1959). A range 
from 0.000015 to 0.003 per cent Cd in apatite was quoted by 
Noddack, I. (1935). 
The concentration of Cd in Matoon phosphorites is less than 
5 ppm, whereas in Qakan Kotra it ranges from 5 to 8 ppm. The 
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almost constant Cd concentration show sympathetic relationship 
with the elements related to apatite. 
Silver 
Silver is typically a chalcophile element in its geochemical 
character and manner of occurrence. The similarities between 
+ ° + ° ionic radii of Ag (1.26 A) and Cu (0.96 A) suggest a close 
coherence of the elements mainly in sulphide. 
Wagoner (quoted by Clarke, 1924) reported concentration of 
Ag 0.44 g/ton in sandstone and 0.2 g/ton in limestone. Mitchell 
(1944) reported Ag 0.2 g/ton from soil. 
The concentration of silver in Matoon phosphorite ranges 
from 5 to 15 ppm, whereas in Dakan Kotra it occurs below 5 ppm. 
Matoon phosphatic rocks show close coherence of Ag with elements 
related to the alumino silicate minerals. The positive correlation 
coefficient of Ag with iron oxides suggests the association of 
silver with limonitic concretions present in phosphatic pellets. 
Gallium 
The geochemistry of gallium is mainly influenced by the 
3+ ° 3+ ° 
similarity in its ionic radii of Ga (0.6 A) with Al (0.51 A) 
and anion affinity index (1.08) approaching unity (Ahrens, 1953). 
Gallium is commonly camouflaged with aluminium and trivalent 
iron. The electronegativity values of Ga and Fe indicates that 
Ga-0 bond is more ionic than Fe-0 bond. The ionization potential 
3+ 
indicates an equal degree of ionic character of both Ga and 
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3+ 3+ 
Fe . Gallium possibly enters Fe position more readily than 
3+ 3+ 
Al position and therefore, exhibits close coherence with Fe 
The geochemistry of gallium indicates that it is a typically 
dispersed element whose abundance in minerals is determined by 
3+ 3+ 2+ its isomorphism with Al , Fe and Zn 
Only two samples of Matoon phosphate rocks show the presence 
of 6 and 20 ppm gallium content. In quartzite gallium concen-
tration ranges from 6 to 17 ppm. The absence of Ga in phosphate 
rocks clearly indicates its non-coherence with apatite. The 
bulk of Ga is found associated with alumino silicate minerals. 
The fairly constant Ga/Al ratio suggests that Ga entered the 
basin and structurally combined with clay minerals. The 
variable Ga/Na + K values in comparison to Ga/Al ratio suggest 
a better coherence of Ga with one clay mineral/ possibly illite. 
Uranium and Thorium 
Uranium and thorium being radioactive elements, are 
strongly lithophile in geochemical character. The geochemistry 
of these two elements has been reviewed by Adams et al. (1959). 
4+ The electronegativity of U (e = 1.4) is found equal to that 
of Th (e = 1.4). But the Th -o bond appear to be more 
4+ 
stronger than U -o bond as indicated by their melting point 
3050°C and 2175°C respectively. 
The enrichment of uranium in phosphorites in comparison to 
sediment and sedimentary rocks is well documented by Altschuler 
et al. (1958) and Tooms et al. (1969). The association of 
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uranium with apatite was suggested by many earlier workers 
(McKelevey, V.E. and Nelson, J.M., 1950; Thompson, M.E., 1953 
and 1954; McKelevey, V.E. and Carswell, L.D., 1956; Sheldon, 
H..P., 1959; Kolodny, Y. and Kaplan, I.R.* 1970; Oguz Arde,A.G. 
et al., 1976; Burnett, W.C. and Veeh, H.H., 1977 and Kress, 
and Veeh, H.H., 1980). It mainly occurs as tetravalent uranium 
in apatite structure, thereof substituting calcium (Altschuler 
et al., 1958). Data on marine phosphorite given by Kolodny 
and Kaplan (1970) show that it ranges from 6 to 254 ppm#whereas 
36 to 149 ppm uranium was reported from the California 
borderland. Baturin, G.N. (1971) also reported a similar 
range of uranium from these phosphorites. 
The geochemistry of thorium is characterised by the 
(1969) 
uranium-thorium didochy. Tooms et al./reported 5 to 100 ppm Th 
concentration in phosphorites and suggested the replacement of 
Ca by Th in apatite owing to close similarity of their ionic 
sizes. 
The concentration of uranium and thorium in Matoon and 
Dakan Kotra phosphorites ranges from 0.005 to 0.008 per cent 
and 0.001 to 0.003 per cent respect ive ly . The var iable 
U/P Or values (Tables XLVTI and L) and negative cor re la t ion 
with P205 in both the phosphorites possibly suggest the 
entrance of uranium in apa t i t e l a t t i c e and subs t i tu t ion of 
2+ 5+ 
Ca as well as P . Thorium seems to be r e l a t ed to elements 
of apa t i t e to some extent in Matoon phosphorite. On the other 
hand, i t s negative corre la t ion with P 0,- in Dakan Kotra 
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phosphorite suggests replacement of Ca by Th. The strong 
positive correlation coefficient between U and Th (C.C. = 0.55 
for Matoon and 0.73 for Dakan Kotra) suggests close coherence 
of U with Th. The high and low values of Th/U ratio (Adams 
et al./ 1959 and Goldberg, E.D. and Parker, R.H., I960) suggest, 
the oxidizing and reducing environments respectively. 
General Discussion 
Geochemical methods have received increasing emphasis in 
recent years as a means of reconstructing the ancient environ-
ment. An attempt has been made here to find out the provenance 
and environmental condition of phosphorite deposits based on 
the geochemical association, behaviour and distribution pattern 
of various trace elements determined. 
From the preceeding discussion of individual elements it 
appears that considerable amounts of trace elements entered the 
basin of deposition, adsorbed and structurally entered the 
lattice of various minerals. The variable concentration of 
trace elements in Matoon and Dakan Kotra phosphorites have 
been influenced by various physico-chemical processes involved 
during weathering and leaching of the pre-existing rocks, and 
subsequently they were added to the sediments in traces. The 
adsorption of some trace elements was mainly influenced by the 
principal absorbents like phosphate mineral, organic matter, 
clays, iron and silicate minerals. 
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Sr/V/ Cr, Pb/ Zn and Th are the elements which are suscep-
tible to adsorbtion by phosphate minerals. The elements which 
were possibly adsorbed by the organic matter include Ag, Cu, 
Ni, Co, Cr, Cd, Pb and Zn along with perhaps Rb and U. Elements 
adsorbed by clay mineral include Ga, Li and Rb. Possibly Cu, 
Co and V have been incorporated by cation exchange and appear to 
have been taken into the lattice of iron and the silicates. 
Trace element dispersion in the phosphorite associated with 
fossil algae possibly suggests that fixation of Ag, Cd, Cu, Cr, 
Co, Pb, Th and Zn was geochemically controlled by biogenic 
activity (Rao, 1981) under shallow marine environmental condition. 
The closer association of trace elements, viz., Cu, Ni, Co, Pb 
and Zn with organic metabolism was suggested by many of the 
earlier workers namely Van Ingen, G. (1915), Van Ingen G.and 
Phillips, A.H. (1915), Phillips, A.H. (1917, 1922), Noddack, I. 
and Noddack, W. (1939), Sowen, V.T. and Sutton, D. (1951), 
Krauskopf (1956), LeRiche, H.E. (1959), Nicholls and Loring 
(1962), Tourtelot, H.A. (1964), Raha (1978) and Verma (1978). 
A closer examination of the correlation coefficient of Sr, 
Pb, Zn, Cr and V with respect to p2°5 o f t h e P h o sP h o ri t e s 
generally indicates higher positive values, whereas the 
correlation coefficient values of Rb and Cd with P2°5 i n D a k a n 
Kotra and of Th in Matoon phosphorites are on the lower side 
(Tables LIII and LIV). 
The Ga/Al ratios in all the rocks analysed were found to be 
closer to the average ratio of the elements in the igneous rocks 
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as reported by Shaw (1957) who explained it as due to insigni-
ficant separation of Ga from Al even in the weathering product 
of igneous rocks. The general trend of concentration of the 
majority of trace elements found in phosphorites and associated 
rocks of the two areas of investigation appear to be similar to 
those of marine sediments (Keith, M.L. and Degens, E.T., 1959). 
In a general way it may/therefore/be suggested that the 
environmental condition for the deposition of these phosphorites 
was controlled by the shallow marine waters. Moreover, the 
Th/U ratio in the phosphorites which is very near to 0.2 suggests 
that at the site of deposition fairly oxidizing condition 
prevailed. 
Chapter VIII 
FACTOR-VECTOR ANALYSIS OF PHOSPHORITE 
GEOCHEMISTRY 
In t roduc t ion 
F a c t o r - v e c t o r a n a l y s i s i s a s t a t i s t i c a l method designed t o 
expla in complex r e l a t i o n s among many v a r i a b l e i n terms of a few 
"Fac to r s " which themselves r e p r e s e n t meaningful s impler r e l a t i o n s 
among fewer v a r i a b l e s . Factor a n a l y s i s demonstra tes t h e i r r e l a t i o n s . 
The exp lana t ion of t h e f a c t o r s must be in t h e con tex t of known 
informat ion about t h e v a r i a b l e s . The p r i n c i p a l c o n t r i b u t o r s t o 
t h e theory ( f a c t o r ana ly s i s ) i nc lude Pearson/ K. (1901), Spearman, 
C. (1904) , Thurs tone , L.L. (1931) and Holz inger , K.T. (1944) . 
There a r e two, R-mode and Q-mode, types of f a c t o r a n a l y s e s . 
Q-mode f ac to r a n a l y s i s c o n s i s t s of a comparison of t h e sample 
in terms of t h e v a r i a b l e s . This t echnique e s s e n t i a l l y eva lua t e s 
t h e homogeneity of the sample being s t u d i e d . R-mode f a c t o r 
a n a l y s i s comprises a comparison of t h e r e l a t i o n s among t h e 
v a r i a b l e i n terms of samples. 
In r e c e n t y e a r s , t h e f a c t o r a n a l y s i s i s of ten used as an 
a id i n t h e i n t e r p r e t a t i o n of complicated s t a t i s t i c a l problems. 
Imbr ie , J . and Purdy, G.G. (1962) and Krumbein, W.C. and Imbr ie , 
J . (1963) have appl ied t h e t echn ique t o sedimentary problems, 
whereas Imbr ie , 7. and Vanandel, T.T. (1964) have analysed heavy 
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mineral data . Saagar, R. and Esselaar, P.A. (1969) used factor 
analysis for the geochernical data of the 3asal Reef Orange Free 
gold f i e ld , and Reeves, M.J.and Saadi, T.A.K. (1971) applied t h i s 
technique for deposition of phosphate bearing s t r a t a . The de ta i led 
mathematics of factor-vector analysis has been described by 
Krumbein, W.C. and Graybil l , F . A . (1965) and Harman, H.H. (1967). 
In many respects Q-mode analysis i s more advantageous than 
R-mode analysis for many geological problems (Imbrie and Vanandel, 
1964; Dawson, K.M. and S inc la i r , A.T., 1974). However, the 
k-mode analysis encounters problems tha t a r i s e from large number 
of samples and l imited computer memory capaci ty. For these 
reasons/ Varimax-R-mode analysis with computed scores i s employed 
in the present inves t iga t ions . 
Factor-vector analysis involving a large number of var iab le 
i s only val id with the aid of a high speed e lec t ronic computer. 
The d i g i t a l Vax 11/780 computer of Aligarh Muslim Universi ty, 
Aligarh, was used for factor-vector ana lys i s . The computer 
programme was used to process two se ts of data namely: 21 
phosphorite analysis (for 27 major and t r a c e elements) of the 
Matoon area and 17 phosphorite samples analysed (for 26 major and 
t r ace elements) col lected from Dakan Kotra area of Udaipur 
d i s t r i c t , Rajasthan. 
Results 
Means, standard deviation and coeff icient of variance; 
*"~ xi 
xMeans were calculated in the usual way by X = —-— and 
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standard deviation were obtained using the formula: 
s J <•*-*> 2~ 
V N- 1 
The coefficient of variance is a measure of the relative disper-
sion of a variable. It enables direct comparison between different 
distributions having different units of measurements. Coefficient 
of variance was computed by using the formula: 
The values of means, standard deviation and coefficient of 
variance for the variables of the Matoon and Dakan Kotra phos-
phorite are given in Tables LI and LII. 
Correlation coefficient 
As a first step of factor-vector analysis (after means, 
standard deviation and coefficient of variance) correlation 
coefficient between the variables (R-mode) are calculated and 
new variables (i.e., factor and vector) are established conse-
quently based upon the order of magnitude of eigen values' of the 
correlation coefficient matrix. The values of correlation 
coefficient are given in tables. LIII and LIV and computed by 
using the formula: 
i 
_ nlXY- (IX) (£ Y) 
~/n"Tx2-CEX)2)(nXY2-(ZY)2~ 
Eigen vectors and eigen values 
The major and trace elemental variability of all the samples 
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was computed in terms of various admixture of the eigen vectors 
(Tables LV and LVI). In the e ight-factor model the re i s a general 
tendency for the samples c l a s s i f i ed , on geological evidence, as 
draining elements re la ted to the composition of phosphate 
minerals having high pos i t ive loadings of vectors I I , VI and 
VII in case of Matoon and vectors I I and IV, in case of Oakan 
Kotra. In contras t the elements not re la ted t o the composition 
of phosphate minerals tend t o have loadings of vectors I , I I , 
IV, V and VIII for Matoon and vectors I , I I I , IV, VI, VII and 
VIII loadings for Dakan Kotra samples. A given eigenvalue i s 
proport ional t o the per cent of variance in the data which i s 
explained by a given factor . 
Rotated factor matrix 
The rota ted factor matrix i s shown in t ab le s LVII and LVIII. 
Sight factors explaining approximately 99.89 and 99.99 per cent 
of the t o t a l var ia t ion in the data of Matoon and Dakan Kotra 
respect ive ly , have been extracted from the cor re la t ion matrix 
and the system has been rota ted so tha t the eight independent 
factor axes correspond with the groupings present in the da ta . 
The grouped var iables tha t correspond more c lose ly t o any 
p a r t i c u l a r factor axis may be obtained by scanning each column 
of the matrix for the highest values. I t can be seen from the 
Matoon data tha t fac tor - I may be represented by SiCL, Al 0 , 
T i0 2 , Na20, K20, FeO, H20+, Cu, Ni, Co, Cr, V, Li and Ag; 
factor-II by CaO, P ^ , FeO, K20, H20+, C02, F, CO, Pb, Sr, Li, 
Ag, V and Th; f a c t o r - I l l by MnO, Cu, Co, Pb, Cr and Ag; factor-IV 
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by S i 0 2 , K 2 0 , N i , Zn, C r , Rb, U and Th; f a c t o r - V by Al 0 , MgO# 
Co, R-h, L i and Ag; f a c t o r - V I by *>toO, P 2 ° 5 ' N a 2 0 / Z n a n d C r ; 
factor-VII by P2°5' N i / a n d R b ' a n d factor-VIII by r*i0, MgO, 
HO and U, while in the case of Dakan Kotra factor-I i s 
characterised by high positive loadings of MgO, Al 0 , HO , CO , 
F, U and Th; factor-II by F e ^ , Ca0, P-Og, A l2°3' N a 2 0 / Z n ' S r ' 
V, U and Th; factor-Ill by mo, Na^CO^ F, CO, Pb, Cr, Rb and 
Th; factor-IV by Sio , Fe 0^, .MnO, K 0 and Zn, factor-V by 
A1203, Ti02, Co, Zn and Cr> factor-VI by A1 0-, TiO., Na 0, 
K20 and Cd; factor-VII by Cd and factor-VIII by Al 0 , F e 2 ° 3 ' 
HnO, Co and Rb. 
The column headed by communality i s a measure of the 
fraction of the variance of each ion that is explained by the 
factors, the communality of which may vary from zero to unity. 
The high communalities indicate that most of the variants of the 
variables explained by eight factors extracted, which account 
nearly 99.89 and 99.99 per cent of the total variance. The low 
communalities suggest that the variables would probably be better 
contained in a space of higher dimensionality. The communality 
i s obtained by squaring the absolute values of each row e.g., 
2 
a communality of 0.890 for Si02 i s obtained by adding (0.7128) + 
(0.4999)2 + (0.25312)2 + (0.26039)2. 
Interpretation of factor 
as couWbe seen from the means (Tables LI and LII), the 
constituents SiO , CaO, MgO, P^c , C02, F and HO occur in 
significant amounts, while A l ^ , Fe2°3' T i 0 2 ' N h 0 / W a 2 ° a n d 
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K O are also present but less s igni f icant as compared t o former 
ones. The significance and importance of the former seven 
oxides i s due to the fact tha t the host rocks in which phospha-
t i z a t i on took place are dolomitic marble and cherty brecciated 
qua r t z i t e s at Matoon and Dakan Kotra. 
The coeff icient of var ia t ion c lear ly ind ica tes the wide 
dispersion of AljD^ ivho, K 0, Cu, Ni, Co, Pb, V and Th and 
r e l a t i v e l y much smaller dispersion of CaO, p ?°c / CQ9* H90 , 
Zn, Sr, Rb, Ag, and U in the Matoon samples. Similar ly , 
the Dakan Kotra phosphate samples show a wide dispersion of 
Al-Q.,, Fe-O , T i ° 2 ' C u ' Zn* R b a n d T h a n d a smaller dispersion 
of Si0_, MnO, Ca0, p 2 ° 5 ' C 0 2 ' N i ' C O / P b / S r ' V / C d a n d 
U. This demonstrates tha t samples of the smaller dispersion are 
l i ke ly to be be t te r approximation than those of the wider 
dispersion 
Sio , Fe20 , TiO , MgO, FeO, Na20/ Cr and Li in the Matoon 
and MgO, Na?0, HO , F, Cr and Li in the Dakan Kotra phosphorites 
snow somewhat intermediate dispersion pos i t ion . 
The corre la t ion coeff ic ient matrix (Tables LIII and LIV) shows 
strong pos i t ive corre la t ion of P^O^ with CaO and Sr and less 
pos i t ive corre la t ion with CaO and Cr and lesser pos i t ive but 
s igni f icant corre la t ion with Na2Q, Pb, Zn, Sr, Rb, V, Li and Cd 
in the case of Dakan.-Kotra phosphorite samples. CaO shows similar 
cor re la t ion with these const i tuents including JfaO, Mg0,C0 and 
F in the former and with FeJX, Na„0, V, Cd and Li and in l a t e r . 
310,, in Matoon samples show higher pos i t ive cor re la t ion with 
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A l 2 0 3 / P e 2 0 3 / T i 0 2 , FeO, H 0 + , F, Cu, Ni , Co, Cr , Rb, V, Li 
and Ag. T.tfhile S i0 2 i n Dakan Kotra samples show high t o medium 
c o r r e l a t i o n wi th FeJS-, MnQ, K 0, Cu, Zn, Rb, Cd, U and Th, 
whereas MgO has p o s i t i v e c o r r e l a t i o n witn Al 0 , Fe 0 , TiO , 
MnO, CaQ, Na20, FeO, CO , Rb, and Ag, and wi th Al 0 , TiO , MnO, 
K20, H 20+ , C0 2 , F, Cu, Ni , Co, L i , U and Th r e s p e c t i v e l y i n 
Matoon and Dakan Kotra p h o s p h o r i t e s . 
Fu r the r high c o r r e l a t i o n t h a t e x i s t s between Cu-Ni, Cu-Co, 
Cu-Cr and U-Th e t c . (Tables L I U and LIV) i n d i c a t e s t h e a s s o -
c i a t i o n of a l l t h e s e elements with one ano the r . 
The r e s u l t s of t h e f a c t o r - v e c t o r analyses a r e now i n t e r p r e t e d 
in terms of t h e following f a c t o r s t h a t a r e supposed t o c o n t r o l 
t h e chemical composition and formation of t h e s e p h o s p h o r i t e s . 
S i l i c a p r e c i p i t a t i o n f a c t o r 
F a c t o r - I (Table LVII) has high p o s i t i v e load ings for SiO , 
A l 2 0 3 , F e 2 0 3 , FeO, TiO , H 0 + , Cu, Ni , Co, V and Li and moderate 
t o low p o s i t i v e load ings for Na20, K 0, CO , F and Cr. This f a c t o r 
shows high t o medium nega t i ve loadings of CaO, P 0 , MnO, Zn and 
S r . Thus, t h i s f a c t o r has been i n t e r p r e t e d as s i l i c a p r e c i p i t a -
t i o n f a c t o r . This f a c t o r i s found very s i m i l a r t o t h e f ac to r - IV 
(Table LVI I I ) , where SiO F e 2 ° 3 ' :An0 a n d K 2° s h o w n i 3 n p o s i t i v e 
load ings whi le A l ? 0 3 i n d i c a t e s low p o s i t i v e l o a d i n g . The 
f a c t o r - I shows n e g a t i v e c o r r e l a t i o n wi th (Fac tor -VI , Table LVII) 
\hat 
r e s i d u a l pore water f a c t o r i n d i c a t i n g / s i l i c a was suppl ied in 
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solut ion and prec ip i ta ted authigenical ly . S i l i c a seems t o be 
pa r t l y d e t r i t a l / hence i t s low loading as observed in d e t r i t a l 
clay supply fac tor . The Sio2 loading in d e t r i t a l clay supply 
indica tes c l ea r ly tha t much of s i l i c a was removed from the clay 
minerals , e . g . , kao l in i t e and i l l i t e under the influence of pH. 
The pH of the leaching water ranges from 5.0 t o 6.2 for kao l in i t e 
and 5.0 t o 6.8 for i l l i t e . S i l i c a i s soluble in t h i s pH range but 
alumina and iron are not . However, under neut ra l condition much 
of s i l i c a o r ig ina l ly present in the clay minerals i s l i ke ly t o be 
removed leaving alumina to be enriched. 
The s i l i c a prec ip i ta t ion fac tor , which shows close coherence 
and high pos i t ive loadings for A1_03, Fe2°3' F e 0 ' T i 0 o a n d Ko° 
signiffesthe presence of ilmenite and a lumino-s i l ica te minerals 
which accumulate p re fe ren t i a l ly Cu, Ni, Cr and V. 
The high pos i t ive loading and excess of SiO in Matoon phos-
phor i te i s also indicated by the presence of cherty and quartzose 
mater ia ls tha t cemented the fragmental phosphorite. 
The high pos i t ive loading of MnO (Factor-IV, Table LVIII) 
and i t s pos i t ive corre la t ion with Si02 ind ica te c l ea r ly the 
presence of Mn-silicates in these meta-sediments. 
Phosphate p rec ip i t a t ion factor 
The high to moderate pos i t ive loadings for CaO, P 2 °5 ' H2° ' 
Sr, Cr, and Th are represented by the f ac to r - I I (Tables LVII and 
LVIII). This factor i s , t h e r e f o r e , in terpre ted as phosphate 
p rec ip i t a t ion factor or supply of phosphate in so lu t ion . Factor- I I 
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in the case of Matoon samples shows high to medium positive 
loadings for K 0, C02, F, Co and Pb while SiO Al 0., MgO and 
j*b have high negative loadings. This factor shows nigh positive 
loadings for Fe 20 3 / Na20, Zn and V and negative loadings for TiO , 
i"lgO, Ni, Co, and Li, in case of Dakan Kotra phosphate samples. 
The result of the analysis indicates clearly the coprecipi-
tation of carbonate and phosphate forming calcium phosphate and 
calcium carbonate. The high positive loadings for Fe~0 (Table 
LVIII) and FeO (Taole LVII) indicate the ferruginous nature and 
fairly oxidizing condition for the phosphate precipitation. 
2+ 
Fe seems t o have c o n t r o l l e d the r a t e of r e l e a s i n g P t o t h e water . 
The p o s i t i v e loading of Al_0_ and K 0 in t h i s f a c t o r - I I may 
p o s s i b l y be due t o t h e r e a c t i o n of c l ay or s o i l m ine ra l s wi th 
phosphate s o l u t i o n s . 
The formation r e a c t i o n may be: 
KOH + 2A1 P04 2H20 > KA12(P04) 2(0H) . 2 ^ 0 + 2 ^ 0 
A p a t i t e i s s t a b l e i n a l k a l i n e environments whereas phosphate a re 
commonly found under a c i d i c c o n d i t i o n . The l i m i t i n g pH for the 
convers ion of both ca lca reous m a t e r i a l s t o a p a t i t e and c l a y 
m a t e r i a l s t o Al-phosphates has been shown t o be about 7 .5 (Leckie 
and Stumm, 1969/ Chen, e t a l . , 1973a, b ) . Thus i t has been 
i n d i c a t e d by t h e moderate t o low p o s i t i v e load ings of Al 0 and 
Si(V i n F a c t o r - I I (Table LVIII) suggest v a r i a t i o n i n pH and 
d e t r i t a l supply of c l ay causes t h e formation of Al-phosphate 
p o s s i b l y leucophosphate . 
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these toxins and keep them away from the place of their growth. 
However, some metabolic activity of the algae was responsible for 
removing these toxins so that in spite of unfavourable concentra-
tion of Cu, Pb, and Zn content, the algae continues to grow at 
the base of biohern,. The high positive loading of ,JhO, Na 0 and 
C0« (Factor-Ill, Table LVIII) indicates the precipitation of 
manganese from bicarbonate by the action of bacteria in shallow 
marine environment under the influence of organic metabolism. The 
low positive loading for Cu, and Ni (Table LVIII) indicates 
epigenetic-diagenetic replacement. The high to moderate negative 
loadings for Na?0, K 0 and CO and very low positive loading for 
£»i0_ (Table LVII) indicate slightly acidic condition. 
Petrital clay supply 
Factor V (Table LVII) and factor VI (Table LVIII) have high 
to medium positive loadings for Al 0 , TiO , MgO, Na 0 and K 0. 
All these elements are commonly found in clay minerals hence this 
factor may be inferred as clay supply factor. The relative 
abundance of K 0 and TiO are in expected order relative to A^-?0 
but MgO content is high. The trace elements, viz., Co, Rb, Li, 
Cd and Ay show moderate to low positive loadings which can be 
explained by their adsorption by clay. The detrital clay supply 
factor is correlatable with phosphate supply factor. Vindicates the 
detrital source and dilutent effect of detritus on phosphate and 
conversion of calcium phosphate and clay minerals to Al-phosphate 
under the influence of pH condition. The high positive loading of 
K 0 and its preponderance over NaJ3 (Table LVIII) and MgO oyer CaO 
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(Table LVII) suggest their detrital derivation from argillaceous 
sediments. The product of clay mineral are likely to be controlled 
by the activities of Al+, Ti, K+, Na+, Mg+/ in aqueous phase. This 
association in this factor also suggests a low Eh (anaerobic) 
condition. The rate of detrital depositions, chemical and bio-
chemical precipitation controls are the effect of wave and current 
action indicated by the presence or absence of the clay mineral 
constituents. 
Factor IV (Table LVII) and Factor VI (Table LVIII) have 
medium to low positive loadings for SiO and K 0 and correlatable 
with detrital clay supply factor. It is therefore suggested that 
during weathering of silicate minerals silica was brought into 
ionic solution, usually in the form of alkali-silicate and also 
reacted with other substances forming clay mineral such as 
kaolinite and potash feldspar of sedimentary origin. 
Residual pore water factor 
This factor has high to moderate positive loadings for ifaO, 
P2°5' N a 2 0 / Pt>/ Zn' a n d l o w P ° s i t i v e loadings for Al 0 , CaO, MgO, 
and K 0 (Factor VI, Table LVII) as well as moderate to low positive 
loadings for A l ^ , Ti02, Ca0, P ^ , Na20 and K20 (Factor V, 
Table LVIII). The level of loadings in the use of above consti-
tuents may,therefore, be taken as the residual pore water factor. 
The correlation of pore water factor with phosphate and carbonate 
precipitation factor and the presence of algal stromatolites 
indicate an increase in porosity or intercellular spaces to 
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accumulate the dissolved carbonate and phosphate. The accumula-
tion of phosphates in innumerable pore spaces may possibly for 
the purpose of photosynthesis and metabolic activity of algal 
matter. 
Oxidizing condition 
This factor has high positive loadings for Fe Q , p90(. and 
Ni and very low positive loadings for CaO, MgO, Na 0, and Cu 
(Factor III, Table LVII) while factor VIII (Table LVIII) shows 
high to medium positive loadings for Al 0 , Fe 0 , MnO, Co and V 
while Na20 shows high negative loading in this factor. On the 
basis of the hign positive loadings for P^yO and .MnO, the above 
two factors, therefore, named for oxidizing condition of the 
basin. The high positive loadings particularly for F©90_ and MnO 
in the case of above two factors is indicative of oxidizing 
condition in the basin, which promote precipitation of oxides of 
iron and manganese. 
It is, therefore, reasonable to believe that under slow depo-
sition of phosphate the main control of carbon variation was 
oxidation potential. It is also presumed that with the increasing 
pH of the system in the later stages, nodular accretion as well as 
dissemenation of phosphates particularly in Matoon area was • 
favoured. The absorption capacity of phosphate ions by iron 
oxides under fairly oxidizing condition is indicated by the 
moderate positive loading for P205 (Factor VII, Table LVII). 
The observation made on the formation of phosphorites based 
on factor-vector analysis may be summarised as follows: 
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1. The phosphatic material was originally rich in calcium and 
strontium. 
2. The precipitation of phosphorite was accompanied by the 
coprecipitation of calcium carbonate and calcium phosphate. 
3. The pH condition of the system was highly variable as 
demonstrated by the phosphate, carbonate and silica precipitation 
factors. 
4. Due to variation of Sh conditions from slightly reducing to 
rairly oxidizing condition, carbonaceous sediment was deposited 
in deeper water, and limestoneanjcalcareous-phosphate in shallow 
water. 
5. Jetrital supply must be very low and to prevent arenaceous 
rtnd argillaceous sediments from diluting the phosphates. 
6. The presence of trace elements, viz., Cu, Co, Cr, Pb, Zn, AQ 
and Th in phosphorite is sporadic and connected mainly with organic 
matter. 
7. The fragmentary nature of Matoon phosphorite suggests high 
energy environment. 
Chapter IX 
ORIGIN OF PHOSPHORITE 
Introduction 
The term phosphorite or phosphate rock has been defined 
as a massive marine sedimentary rock composed of impure tribasic 
calcium phosphate which frequently contains such impurities as 
calcium and magnesium carbonates, iron oxides, alumina, 
fluorides and silica. The rock varies considerably in composition 
as well as in its phosphorus pentoxide content. Commercially,' 
the value of phosphate rock depends much on its content of 
tricalcium-phosphate and that the permissible . oxides of iron 
and aluminium, which should be between 0.5 and 4.0 per cent. 
Though the lower limit of ^ 9°c in phosphate rocks has not yet 
been rigidly fixed/ yet it is conventional to keep the/limit at 
5 per cent (see Bushinskii, 1969). 
About 3/4 of the currently produced rock phosphates of the 
world are used as raw materials for the manufacture of phosphate 
fertilizers, while the remainder is used for the manufacture of 
organic and inorganic chemicals, in addition to production of 
elemental phosphorus. At present nearly 41 per cent of the 
world's phosphate rock is produced at Florida, U.S.A. Other 
well-known world producers include U.S.S.R., Tunisia, Algeria, 
Morocco, the Pacific Island of Makatea, Nauru and the Oceanic 
Island. By comparison India's production and resource of rock 
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phosphates continue to be very low. The first ever production of 
indegenus rock phosphates in sizeable quantities began in 1969 
from Jamar Kotra and Matoon of Udaipur district, Rajasthan. 
However, the country's present demand of either rock phosphate 
or phosphatic fertilizers continue to be met largely by imports. 
The complexity of the processes involved in the formation 
of marine phosphorite deposits has been the subject of study by 
a large number of investigators for a fairly long time. Several 
divergent views regardiny the deposition and accumulation of 
phosphorite have been put forward. However, from a general 
review of the work on the important phosphorite deposits of the 
world it ma/ be said that the formation of phosphorites was 
essentially controlled by certain interrelated geological, 
biogenic and chemical factors. 
As regards to their sources, the phosphorites were earlier 
supposed to have been derived from coprolites (Sollas, W.J., 
1873 and Penrose, £.A.F. Jr., 1888), planktons (Murray, J. and 
ttenard, A.F., 1891), fish remains following their catastrophic 
deaths (Slackwelder, E., 1915, 1916) and residual accumulation 
at unconformities (Grabau, A.W., 1919). 
The departure from earlier thinking on the source and 
formation of phosphorites was first made by Mansfield, G.R. 
(1920), who suggested that the phosphate of Phosphoria Formation 
of North America was formed by the progressive replacement of 
originally calcareous oolitic deposits by the phosphate present 
in sea water in a soluble state. 
168 
Mansfield (1940) made an attempt to correlate the period 
of phosphate deposition within the geologic record with periods 
of widespread volcanism. His thought that unusual addition of 
fluorine to the ocean from hydrofluoric vapour, emanated from 
volcanoes/ might have lowered the solubility of apatite resulting 
in its chemical precipitation. Gimmelforb, A.P. (1951) and Ronov, 
A.8. and Korzhina (1960) indicated a broad cyclic increase 
and decrease in phosphate deposition through ages and suggested 
that the deposition was more pronounced in Silurian, Permian, 
Cretaceous and Tertiary periods. 
The modern theories of phosphorite formation are more or 
less modelled after Kazakov, A.V. (1937, 1938a) who first 
suggested a model of direct inorganic precipitation of marine 
phosphorite. Based on the site of their deposition, the 
phosphorites are classified as belonging to two types, namely 
the geosynclinal type and platform type (Kazakov, 1937). The 
geosynclinal type is characterised by a thick and well-bedded 
phosphorite, whereas the platform type is typically nodular and 
often occurs in association with glauconite. 
Bushinskii (1964) regarded the phosphate deposition 
independent of upwelling zone. He considered river water to be 
the source of phosphorus, which was the product of the precipi-
tation in the bottom muds. He also supported Kazakov*s (1937) 
theory of phosphorite formation, and the importance of biogenic 
concentration as well as the role of shallow depth in phosphorite 
formation. 
169 
Anglegan, 3.F.D. (1967), in course of his study of the 
marine phosphorite off the Baja-California coast, U.S.A., 
concluded that the main source of phosphate was the dissolution 
of marine organism. The physical and chemical factors which are 
supposed to favour the precipitation of marine apatite were 
reviewed by Gulbrandsen (1969). Tooms et al. (1969), who 
reviewed the older and later concepts on the genesis of marine 
phosphorites, suggested that the deposition of phosphorite may 
he favourable in the interstitial water of sediments where 
phosphate is likely to concentrate more than in the bottom water. 
Bushinskii (1966) suggested that the pelletal phosphorite was 
formed by the alteration of fae cal pellets. 
According to some others , phosphorite may also be formed 
by replacement of the pre-existing rocks, usually carbonates. 
Pevear (1966, 1967) advocated the mechanism of replacement for 
the formation of phosphorite deposit. It has been shown experi-
mentally by Sachra et al. (1965) and Marten and Harriss (1970) 
2+ that the presence of Mg ion in solution resembling sea water 
2+ inhibits the precipitation of apatite, probably because rig 
2+ ions compete with Ca sites in the apatite structure. In view 
of the above observations they found it difficult to believe 
that apatite was formed either in an esturine or an oceanic 
environments by direct precipitations. However, Marten and 
Harriss (1970) also suggested that there was probably a threshold 
of Ca/Mg ratio above which apatite could precipitate. 
In recent years several new concepts on the nature of 
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control, deposition and accumulation of phosphorites have oeen 
advanced by several investigators. Blatt, H., Middleton and 
Murray (1972) suggested that the phosphorites originated as a 
result of the following three processes: (i) inorganic precipi-
tation, (ii) metasomatism of calcium caroonate and (iii) 
alteration of phosphatic rocks. Muktinath (1974) believed that 
the phosphorite deposits of Udaipur region including Matoon and 
Dakan Kotra are of marine sedimentary origin. 
In course of the present investigation, an attempt has been 
made to discuss the geologic, biogenic and chemical controls on the 
formation of phosphorites of the study area, as follows: 
Geologic controls 
From the nature of the rocks associated with the phosphorite 
and their order of superposition it is evident that they are 
typically geosynclinal deposits. The presence of benthonic 
algae clearly indicates a shallow water condition of deposition. 
Palaeocurrent studies have suggested a uniform westerly current 
direction in the area (Banerjee, 1971). 
The older Banded Gneissic Complex, which occurs close to the 
phosphate deposits of Udaipur, might have oeen the source rock 
from which phosphorus along with the lime and silica were derived 
as a result of various terestrial processes of weathering, 
erosion, solution and transportation that ultimately added 
to the marine water and sediments. It appears plaussible that ^ 
due to marine upwelling the terrigenous phosphatic material 
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accumulated in marine environment got concentrated in a more 
or less restricted basin of deposition occupying the arms of a 
pre-existing sea and also probably extended over the shelf areas 
of the Aravalli geosyncline. Certain favourable physico-chemical 
conditions supported the growth of colonies of alga in this part 
of the ancient sea to maintain their metabolic activities. The 
topographic highs were perhaps the selected places of high 
phosphate accumulation while in the relatively deeper parts of 
the basin low grade phosphorite with dolomite matrix was 
formed. 
The variable trend of concentration of phosphates in these 
deposits may be partly due to the removal of excess of soluble 
silica and lime with subsequent structural disturbances, viz., 
brecciation, pulverization and fragmentation aided by the 
collapsing action by meteoric water, which subsequently brought 
out natural upgradation of the phosphorites. 
The irregular orientation of algal fragments and quartzite 
pebbles, that indicates reworking of phosphorite and quartzite, 
suggests high energy movement of water in a shallow water marine 
environment. A high energy condition is also evident by the 
presence of sand-size quartz grains and near absence of clay 
matter in the Matoon phosphorites. 
All these evidences, presented above,indicate that the 
formation of phosphorites have been largely influenced by the 
following factors (Choudhury et al., 1978) operating either 
exclusive of each other or in combination: (i) Excess charge of 
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phosphate in certain zones of the phosphogenic basin, (ii) pre-
ferential development of stromatolites and subsequent leaching, 
(iii) facies variation, (iv) penecontemporaneous and post-
depositional deformation and (v) reworking. 
The petrographic investigation indicates that the phosphorite 
was formed due to progressive replacement of the initially 
developed algal carbonate structures by collophane. Microscopic 
examination of these stromatolitic framework'1'shows that they 
are composed of alternate laminae of cryptocrystalline to 
microcrystalline collophane and fine to medium-grained calcite 
and dolomite with or without quartz. Within the boundary between 
the collophane and calcite laminae, which is usually gradational, 
often small collophane grains enclose minute grains of carbonate 
minerals. For example, the Dakan Kotra phosphorite clearly 
indicates grain to grain replacement of calcite by collophane, 
where calcite and dolomite are the chief gangue minerals. The 
Matoon phosphorite has, however, an excess of silica which may 
be due to the effect of secondary silicification during regional 
metamorphism. The late stage coarse silicification commonly 
replaces the pre-existing carbonate and apatite. The early 
stage of phosphatization is represented by the columnar carbonate 
structures with phosphorite sheaths in Nimach Mata deposit 
(Pandya and Chauhan, 1976) and the advanced stage, by Dakan Kotra 
and Jhamar Kotra stromatolites, which show thin relict laminae 
in the collophane mass. 
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Biogenic controls 
The phosphorite deposits of Udaipur occur in association 
with the carbonate rocks that are confined to Matoon Formation 
at Badgaon, Dakan Kotra, Jhamarkotra, Kanpur, Matoon, Kharbaria-
ka-Gurha, Nimach mata and Sisarma. A unique feature of all 
tnese deposits is the exclusive association of phosphate rocks 
with algal stromatolites. 
It is fairly well-known that algae helps in the precipita-
tion of phosphorite from sea water. But the views on the process 
of deposition, precipitation and fixation of phosphorite by 
algae in sea water differ considerably. Charles (1953) postulated 
that the benthic alga, which grow in shallow sea floor (photic-
zone) / accumulate phosphorus from sea water and cause the 
precipitation of phosphorite. In addition to the blue-green 
algae the stromatolites also contain structurally preserved 
fossils of bacteria (Schopf, J.W.,1968; Cloud and Semikhatov, 
1969) whicn directly or indirectly aided the localization of 
phosphate (Smigh, 1969). 
3anerjee (1971) has suggested that the algal stromatolites 
might have played an important role in trapping and precipitating 
the dissolved inorganic phosphorus from the sea water. According 
to him the algal stromatolites in the phosphorites of Udaipur 
was responsible for the coprecipitation of carbonate and 
phosphate due to change in environment. 
Verma and Barman (1975) concluded that the phosphorite, 
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associated exclusively with stromatolites, originated due to 
accumulation of excess of phosphorus in the algal stromatolites 
in order to maintain their metabolic activity under favourable 
ecological condition. 
The phosphorites of the study areas are found to be closely 
associated with the algal stromatolites belonging to Collenia, 
3aicalica and 'linjaria groups. Moreover, the occurrence of 
benthonic phosphatic algal stromatolites in all of the phosphorite 
deposits of Udaipur region indicates that the phosphorus 
accumulation was largely restricted to the zone of photosynthesis 
in subtidal to intertidal environment. The benthonic algae 
flourishing in phosphate-rich intertidal to subtidal water was 
responsible for building the fine calcareous mud, building 
carbonate structure (stromatolites) on one hand and on the other, 
changing the marine environment through their biotic activities 
(photosynthesis and metabolism). Thus it is reasonable to 
believe that the algae initiated accumulation and precipitation 
of phosphate by almost contemporaneous and progressive replacement 
of the developing carbonate structure. Valdiya (1972) suggests 
that carDonates of stromatolites were replaced by collophane to 
form phosphorite of the late Precambrian Gangolihat dolomites of 
Pithoragarh. Ames (1959) and Bushinskii (1969) have also 
emphasized the formation of marine phosphorite deposits possibly 
due to replacement of calcite by alkaline phosphate solution. 
The present study reveals that the form and nature of these 
stromatolitic structures were the main controlling factors in the 
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accumulation of phosphorites. Collenia columnaris, which is 
characterised by highly tight packing with little or no 
intercolumnar spaces and stout growth, did not favour the 
precipitation of phosphates and this appears non-phosphatic. 
Collenia baicalica, Baicalica prima., Collenia kusiens Is , 
Hinjaria calceolata, and Collenia symmetrica, etc., which have 
large intercolumnar spaces, branching stem and sparsely arranged 
highly convex laminae, are highly phosphatic. They possibly 
served as ideal hosts for the accumulation of phosphatic 
sediments. These stromatolites also occur in laminated and 
pelletal forms. The laminated and pelletal columns of these 
stromatolites are highly phosphatic, whereas the ground, mass, 
which is mostly calcareous and dolomitic,is either non-phosphatic 
or slightly phosphatic. It, therefore, indicates that the 
stromatolites which are phosphate-bearing have been responsible 
for absorbing and precipitating the dissolved inorganic phosphatic 
material from the sea water. 
The stromatolites of Dakan Kotra show marked differences 
from those of Matoon in their microstructure. Stromatolites of 
Dakan Kotra are mainly composed of nonclastic carbonate material 
and collophane with few grains of quartz, whereas clastic as 
well as nonclastic carbonate and collophane with appreciable 
amounts of clastic quartz accompanied by a few feldspar grains 
are found in the Matoon stromatolites. This clearly indicates 
that the carbonate bearing stromatolites were formed as a result 
of in situ precipitation of calcium carbonate (see Monty, 1967; 
Serebryakov and Semikhatov, 1974; Horodyski, &.J., 1975). 
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The absence of collophane as ground mass in the inter-
columnar material/ occurrence of moulds of algal filaments in 
the collophane laminae and also those of algal filaments within 
the phosphatic interclasts of the inter-columnar material suggest 
that phosphatization predated diagenesis. 
The presence of algal material within the collophane as well 
as the carbonate laminae of stromatolites and also of collophane 
rimmed algae suggests that the entry of collophane was somewhat 
contemporaneous with the growth of stromatolites. 
In view of the above consideration,it is suggested that 
some specific communities of benthonic algae (perhaps with some 
bacteria) was responsible for the accumulation and precipitation 
of phosphate that caused almost simultaneous replacement of the 
developing carbonate structures. 
From the uniformity of phosphate content in the individual 
stromatolitic columns of different horizons in these deposits, it 
appears that the population ratio of the stromatolitic structure 
to the groundmass controlled the grade. The high grade phosphate 
is localised in thickly populated stromatolitic colonies where 
the columns are highly broken or crumpled (Matoon and Dakan Kotra 
in parts) while in low grade, the unbroken stromatolitic columns 
are sparsely spaced (central and eastern part of Dakan Kotra). 
Chemical controls 
The chemical factors which are supposed to be effective in 
controlling the formation of phosphorites are reviewed and 
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discussed. The following chemical factors appear to have 
effected the formation of the phosphorites of the study 
areas: 
1. Effect of pH 
2. Effect of Eh 
3. Effect of pressure and temperature 
4. Ca/Mg ratio and effect of substitution 
!• Effect of pH - The deposition of phosphorite as well as the 
carbonates is supposed to be mainly controlled by pH condition. 
The precipitation of phosphorite takes place at pH value of 
about 7.1 (see Kazakov, 1937) and that of calcium carbonate at 
pH values 7.1 and 7.8. Simultaneous precipitation of calcium 
phosphate and calcium carbonate may also take place when pH is 
about 7.8, but the ratio of calcium carbonate would be much 
higher in this case due to its high absolute solubility (see 
Krumbein and Garrels, 1952). According to Campbell (1962)/ phos-
phorite precipitates predominantly in the pH range 7.1 to 7.8 and 
calcium carbonate, when pH is above 7.8. McKelvey et al.(1953), 
while discussing the genesis of phosphorites of the Phosphoria 
Formation of North America remarked that when cold phosphate-rich 
water upwelled into the large shelving embayment from the ocean, 
phosphorite was deposited from these in the ascending waters as 
their pH increased along with the increase in temperature and 
decrease in partial pressure of CO-. The carbonates were deposited 
from these waters when they reached more shallow depth at somewhat 
higher pH. Thus, it is reasonable to derive that chemical 
environment of phosphate precipitation is principally dependent 
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upon pH conditions and controlled by var ia t ion in the p a r t i a l 
pressure of CO,,. In the case of coprecipi ta t ion of c a l c i t e and 
2+ 
apatite, the calcite-apatite ratio will be higher, since Ca , 
3- -2 PO, and C03 have a single valance state, and as such change 
in Eh cannot produce separation into carbonate-rich or phospate-
rich layers, and hence the individual enrichment may take place 
within a narrow pH range. In comparison to Co3 , Ca_(PO ) is 
—9 less soluble (the solublity product of CaCO_ is 4x10 as against 
1.3x10" for Ca3(P04)2). Hence, ca3(P04)2 precipitated first in 
the pH range 7 to 7.5, while CO- remained in solution so long as 
the pH is buffered in this range. With the rise of pH to 8, 
precipitation of calcium carbonate is possible (see Garrels and 
Christ, 1968). 
In the present case, the higher calcium carbonate/calcium 
phosphate ratio and preferential accumulation of phosphorite in 
the algal stromatolites indicates that the pH remained 7.1 to 
7.8. During the day time photosynthetic activity of algae would 
increase pH by consuming CO , while during night time algal 
metabolism should lower pH by releasing C0_. Thus these changes 
are likely to maintain the pH of water surrounding the algal 
growth below 7.8 and favour precipitation of phosphate and 
carbonate at above pH 7.8. 
2. Effect of Eh - The primary precipitation or replacement of 
calcium phosphate need not be influenced by Eh, the state of 
oxygenation in a given environment indirectly plays a role of 
controlling the rate, extent and nature of release of phosphate 
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from other sinks in the ocean (see 3rotleson and Fredlee, 1974). 
Phosphorus has a strong tendency to be associated with iron in 
many aquatic environment. A positive correlation between Fe 0 
and P2°5 e x i s t s i n Dakan Kotra phosphorite, which indicates that 
under oxidizing condition iron probably controlled the rate of 
releasing phosphorus to the water. Subramanian (1976) has shown 
that iron and phosphorus are cogenetic in fresh water as well as 
in esturine environment, while Nriagu (1972) has experimentally 
verified the role of iron in phosphorus mass transfer in the 
aquatic environment. In a very highly oxidizing environment, 
3+ 
Fe removes P from water by the formation of sorbed complex 
Fe(OH) , thereby making available only a small amount of PO 
o 4 
2+ for Ca to form apatite in the marine environment. Hence for 
the land-derived phosphorus to be precipitated as phosphate in 
the ocean, the phosphorus-charged river water should have positive 
but not extreme oxidizing and acidic conditions. Changes in 
these parameters may trap the dissolved PO in esturine region 
where phosphorus could be sorbed by Fe(OH) or clay minerals. 
The factor-vector analysis of Dakan Kotra phosphorite, which 
indicates the reaction of clay minerals with phosphate solution 
forming aluminium-phosphate, suggests slightly reducing to fairly 
oxidizing, acidic, shallow water condition for the precipitation 
of phosphorites. 
3. Effect of pressure and temperature - The data given by 
Berner (1971) indicate that the temperature of ocean water ranges 
from 20°C at the surface to 2°C at the bottom corresponding to a 
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pressure change from one atmosphere to 500 atmospheres. Pressure 
and temperature have opposing effects on the phosphate solubility 
but the constant values for dissolved phosphate at depths below 
1/000 metres indicate that the pressure effect on the phosphate 
equilibria is negligible. The involvement of CO in the carbonate 
equilibria was responsible for the quantitative changes in 
carbonates associated with phosphate deposits. Like the carbonates, 
phosphates are also dissolved at greater depths and probably 
reprecipitated at shallow regions. 
The effect of temperature on these equilibria can be 
calculated from the standard chemical thermodynamic concept 
(KlotZ/ 1968). The solubility of phosphate at any given 
temperature can be evaluated from known values of standard 
conditions. Kramer (1964) calculated solubility products for 
carbonate fluorapatite, which shows small decrease in solubility 
of phosphate with increase in temperature over a representative 
of natural conditions. The indirect effect of temperature is 
possibly due to the antipathetic relationship between temperature 
and C02solubility. As pH is inversely related to CO solubility, 
pH and temperature are naturally related. An increase in 
temperature is likely to cause an increase of pH and a decrease 
in solubility of phosphorite and vice versa. 
4. Ca/Mg ratio and effects of substitution - It has been 
experimentally shown (see 3achra et al., 1965; Marten and 
Harriss, 1970) that Mg2+ ions inhibit the precipitation of 
apatite probably because Mg compete with Ca in the apatite 
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structure. Marten and Harriss(1970) deduced some threshold 
values for the Ca/Mg ratio necessary for apatite to precipitate 
from solution. The magnesium ions seem to retard the reaction 
(salinity) when Ca/Mg ratio approaches to 4.5 to 5.2. This ratio 
remains almost constant in normal sea water. Pore water is, 
however, known to vary greatly from the sea water values. Thus 
it seems that diagenetic reaction occurring with anoxic 
sediment could raise the Ca/Mg ratio to the point (>5.2) where 
phosphate may precipitate. The high Ca/Mg ratio of Matoon 
2+ phosphorite may be due to preferential entrance of Ca ions in 
carbonate apatite, whereas low Ca/Mg ratio of Dakan Kotra 
phosphorite may be due to replacement of magnesian calcite by 
carbonate apatite. The antipathetic relationship of CaO and 
P„05 with MgO suggests replacement of dolomites by calcium 
phosphates. The antipathetic relationship of MgO with CaO and 
P„05 also indicates that the surficial leaching had a leading 
role in increasing the P-pOc content, predominantly at the expence 
of Mgo. It, therefore, seems plaus^ible that the replacement 
involving carbonates may be responsible for the increase of Ca/Mg 
ratio. The combination of these reactions perhaps controlled 
2+ the Mg concentration in Mg-rich phases and the distribution of 
phosphorite in the sediment, A strong negative correlation between 
3+ MgO and Fe„0_ could be interpreted as due to replacement of Fe 
by y\q (see Drever, 1971) in clays under anoxic conditions. 
The mineralogical composition of these phosphorite, as 
discussed in the earlier chapter, varies appreciably from an ideal 
fluoropatite to carbonate fluorapatite and carbonate hydroxylapatite. 
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The high CaO/P205 and C02/P2°5 ratios from both Matoon and Dakan 
Kotra phosphorites demonstrate the formation of phosphorite by 
replacement process. The direct correlation between F + OH and 
CO suggests the manner of substitution might be CO F and/or 
C03OH for P04. McConnell (1938, 1960) and Sandell et al. (1939) 
suggested that carbon might enter apatite structures by replacing 
both the P and Ca positions in the lattice of francolite and 
dahllite. In the present case, it is obvious that C replaced both 
P and Ca. The presence of considerable OH, specially in Dakan 
Kotra phosphorites indicates the possibility of P0 z^=^ (0H)4 
substitution as suggested by McConnell (1952). It has been also 
observed that samples having a higher Ca/P + C ratios also have a 
higher H O content and vice versa, indicating substitution of 
(OH) . by (P0.). The relationship between F and Po0_ demonstrates 4 4 Z b 
that F may have been fixed in the apatite structure at an early 
stage. F is believed to be unsubstituted in carbonate fluorapa-
tite, but the discrepancy of F in Dakan Kotra may be possibly due 
to the presence of excess of OH ions, where F was probably 
- —2 
replaced by OH . Thus C03 and OH are considered to be the 
principal substituting ions, and Si, Na and Mg are less but 
significant substitution ions for (P0.) 
An attempt has been made to represent the chemical reactions 
which are likely to occur in these sediments during diagenesis, 
as follows: 
2CaC03+ -^g2+^=^ Caf,g(C03)2+ Ca2+ (i) 
Calcite Dolomite 
and 
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5Ca2++ 3P04~3+ F~^=± C * 5 ( P ( V 3 F <ii> 
C a 5 ( P 0 4 ) 3 P + 3 H C 0 3 " 3 ^ Z ± C a 5 ( P 0 4 . C 0 3 ) 3 
(F.OH) + 4H+ ( i i i ) 
a n d / o r 
5Ca 2 + + 3PO ~3+ 3HC0 ~3+ F + 2H n ^ 
4 3 2 "^  
Ca5(P04.C03)3 F.OH + H20 + 4H (iv) 
2Fe3+ clays + 2Mg2++ 4H20 ^ * 2'4g2+ clays + 
2Fe(OH)2+ 4H+ (v) 
A l 2 S i 2 0 5 ( O H ) 4 + 2HP0 4 " 2 > 2.vlP04 .2H20+ 
2Si0 2 + H20 ( v i ) 
2MP04.2H20 + KOH ^K Al2(F04) 2OH. 2^0 + 2^0 (vii) 
The above generalized chemical reactions show the complete 
stoichiometry of the reactants and the products. Reaction (i) 
is related to the mechanism of dolomitization. Reactions (ii, 
iii and iv) are the mechanism proposed for the formation of 
phosphorite. Reaction (v) has been proposed by Drever (1971) to 
2+ be a major control of the removal of interfering Mg ion. Although 
there is little evidence to support the reactions (vi) and (vii), 
as shown by Nriagu (1972) in shallow marine sediments, the 
reactions such as (i, ii, iii and iv) seem to be quite reasonable. 
The reaction (ii) which involves precipitation of apatite, is 
applicable to its normal composition and the reactions (iii) and 
(iv) relate to carbonate apatite. 
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Model of Phosphorite Genesis 
In the light of the foregoing statements of facts and 
discussion, the most likely combination and sequence of events 
leading to the formation of phosphorites in the study areas are 
presented as follows: 
1. The Aravalli sediments were deposited in a geosynclinal 
basin, as indicated by the presence of graded bedding, unified 
sequence of sedimentary rocks and further variation of these 
rocks across the strike from quartzites to limestone. 
2. The phosphate deposits are characterically of sedimentary 
origin and formed under the influence of shallow marine 
environment. 
3. The source of the phosphate may be the older gneisses (3anded 
3neissic Complex), from which apatite bearing minerals contributed 
phosphates to the sea basin. The shallower parts of the basin of 
deposition were perhaps the sites favourable for the accumulation 
of high grade phosphates, e.g., at Matoon and in the relatively 
deeper part for the low grade phosphorite, e.g., at Dakan Kotra. 
4. Phosphorus was also extracted from the sea water by the 
organisms like bacteria as an essential constituents of life. 
Such precipitation is controlled by the pH changes which in 
turn is related to the C0„ concentration and upwelling of the 
sea water. The phosphorites are, therefore, attributable to 
shallow marine environment with subsequent marine upwelling 
bringing nutrients and phosphate for the flourishing algal flora. 
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5. It seems that lime, phosphorus and silica were brought to 
the depositional basin from the chemical weathering of Sanded 
Gneissic Complex by the transporting agencies and released the 
constituents in true solution or in colloidal state. Because 
of the marine upwelling the phosphatic materials was concentrated 
in more or less restricted basin of deposition occupying arms 
of pre-existing sea on the embayment and shelf areas of the 
geosyncline where a bluish-green algal flora flourished. 
6. The stromatolitic alga belonging to Collenia, 3aicalica 
and Hinjaria groups developed colonies in this shallow sedimentary 
oasin under suitable conditions of photosynthesis, upwelling, 
high pH (slightly above 7.5) and warm sunny climate under aerobic 
condition. It seems that the accumulation and absorption of 
phosphate mineral was dependent on their gross forms, size, structure 
and available intercolumner spaces. Thus, these stromatolites 
appear phosphatic while the groundmass which is mostly calcareous 
and dolomitic are non-phosphatic or slightly phosphatic. It is, 
therefore, suggested that stromatolite were responsible for 
absorbing and reprecipitating the dissolved inorganic phosphatic 
material from the sea water under favourable conditions. 
7. Petrographic studies of these phosphoritic stromatolites 
reveal that the phosphorite was formed due to progressive 
replacement of the initially developed algal carbonate structure 
by collophane. The replacement was rather contemporaneous to the 
growtn of the stromatolites. 
8. The phosphorites show marked compositional variation from 
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idea l f luorapa t i t e to carbonate f luorapa t i t e and carbonate 
hydroxy1 f luorapa t i t e as well as carbonate hydroxy-apati te . The 
compositional var ia t ion with higher CaO/P-O^, CaO/MgO and CO /P o 
r a t i o demonstrates the formation of phosphorite by replacement 
processes. I t seems that replacement react ions involving 
carbonate may oe responsible for increasing CaO/P 0- , Ca0/;4g0 and 
C02/P„Oc r a t i o s . The opposing behaviour of MgO with respect t o 
CaO and P-0,. ind ica tes replacement of dolomite by calcium phosphate. 
In t r a - red spect ra l analysis ind ica tes replacement of both the 
Ca and P posi t ion in phosphate l a t t i c e by carbon. The presence 
of considerable (OH) ions , especia l ly in Dakan Kotra phosphate 
rocks indica tes the p o s s i b i l i t y of PO ^=^ (OH) subs t i t u t ion . 
The f luorine content i s thought to be fixed in the apa t i t e 
s t ruc tu re in the early s tage. The sympathetic cor re la t ion between 
F + OH and CO indica tes tha t CO.,F and/or CO_OH might be s u b s t i -
tu ted by PO. and vice versa. Hence i t i s reasonably concluded 
-2 -3 
tha t C03 and OH are the pr incipal subs t i tu t ion ions for PO. 
The var ia t ion in carbonate and OH content from sample to sample 
may be in terpre ted as extension of the subs t i tu t ion . 
9. The t r ace element data suggest the post-deposi t ional upCtake 
of some elements during the formation of these phosphori tes. The 
dispersion pat tern and behaviour of t r ace elements detected in 
phosphate and other associated rocks suggest t ha t the f ixat ion 
of Ag, Cd, Cr, Co,Cu, Ni, Pb, Th and Zn was more or l e s s geo-
chemically control led by the biogenic a c t i v i t y . 
Chapter K 
SUMMARY AND CONCLUSION 
The phosphorite deposits of Matoon and Dakan Kotra/ Udaipur 
district, ^ ajasthan State, occur within the area located between 
latitudes 24°31' s 24°33' and longitudes 73°44' : 73°47'. Strati-
graphically, these deposits are included within a thick succession 
of Precambrian rocks belonging to Matoon Formation of the 
Aravalli Super Group. The Aravalli Super Group in the Udaipur 
region are divisible into three Formations namely, Debari (lower), 
Matoon (middle) and Udaipur (upper) Formations. The phosphorites 
are found stratified with the dolomitic limestone/marble, phyllites, 
quartzites belonging to the Matoon Formation. 
The rocks encountered from east to west of Matoon comprise 
mainly of dolomitic limestone/marble, calcareous grit, ortho-
quartzite, cherty brecciated quartzite, and phyllites of Matoon 
Formation. The important rock types of Matoon Formation occurring 
at Dakan Kotra are cherty brecciated quartzite, dolomitic marble, 
calcareous quartzite, and phyllites in addition to the post-
Aravalli intrusive granite. 
The calcareous facies of Matoon Formation is represented 
by dolomitic limestone/marble, which is essentially composed of 
calcite, dolomite, quartz and minor amounts of ferruginous material. 
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The rocks show varying degrees of recrystallisation that may be 
traceable in the northern and eastern parts of Matoon and 
western part of Oakan Kotra. The phosphorites are generally 
associated with the dolomitic limestone of Dakan Kotra which is 
also stromatolitic. 
The quartzites which are differentiated as orthoquartzite, 
cherty breciated quartzite, jaspery quartzite/usually form the 
higher ridges at Matoon. The cherty brecciated quartzite is 
predominantly exposed in the central and southern parts of Matoon 
and south-eastern part of Dakan Kotra. They are highly ferruginous 
in nature and consist of fragmentary phosphorites. The younger 
calcareous quartzite occurs in the western part of Dakan Kotra. 
Beside quartz, which is the major mineral constituent of the rock, 
small amounts of calcite, dolomite, muscovite and feldspar also 
occur in the rock. 
The phyllites, which are made up of carbonaceous phyllites, 
sandy phyllites and chloritic phyllites and exposed in the 
valley areas west of Matoon and north-west of Dakan Kotra, 
constitute the youngest member of Matoon Formation. In the 
southern part of Matoon, phosphorite occurs in association with 
phyllites which show grey to greenish-brown colour. They are 
essentially composed of quartz, muscovite, sericite, chlorite, 
biotite, feldspar with minor amounts of calcite, dolomite and 
graphite. 
The Aravalii sequence of the area strikes from N-S to 
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NNE-SSW and dips at high to moderate angles, dominantly towards 
the west. In general, the rocks of Matoon and Udaipur Formations 
show mesoscopic open fold, plunging 10 -15 towards NNE while 
the rocks of Debari Formation form an anticline in the west and 
a syncline in the east of Udaipur district. The rocks in the 
Matoon area form a syncline plunging towards the north-west. 
The phosphorite deposits of Matoon are located in the eastern 
limb of this syncline while those of Karbaria-ka-Gurha appear 
to be occupying the western limb of the syncline upto which 
the Matoon phosphorites extend. The phosphorite deposits of 
Dakan Kotra form an antiforrnal structure, whose fold axis 
strikes NNW-SSE and plunges steeply towards north or NNE. 
Most of the rocks of the study area comprising mainly of 
quartzites, dolomitic marble, phosphorites, phyllites and 
g^aywackes are the products of low grade regional metamorphism 
and comparable the chlorite-schist facies. 
The phosphorites of Matoon and Dakan Kotra may be classified 
as follows: 
i) Columnar algal stromatolitic phosphorites 
ii) Laminated algal stromatolitic phosphorite 
iii) Fragmental stromatolitic phosphorite 
iv) Massive bedded phosphorite 
v) Nodular phosphorite 
vi) Pelletal phosphorite 
The phosphorite deposit of Matoon, which occurs as a single 
horizon, is traceable over a strike length of about 3 kms. Its 
thickness varies from 0.5 to 20.0 metres. The richest portion 
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of the depos i t ( > 30 per cent P2°5^ i s c o n f i n e d t o t h © c e n t r a l 
p a r t of t h e Matoon. Also, i n the Dakan Kotra a rea only one 
hor izon of phosphor i t e has been encountered over a s t r i k e 
l e n g t h of about 750 metres i n t h e nor th -wes te rn p a r t . I t s P90,-
con ten t v a r i e s from west t o e a s t and t h e r i c h e s t p o r t i o n (">20 
per cent i ^ S ^ *-s c o n f i n e d t o t h e c e n t r a l and western p a r t of 
t h e a r e a . 
The phosphor i t e s of t h e Udaipur region i n c l u s i v e of Matoon 
and Dakan Kotra a re found i n t i m a t e l y a s s o c i a t e d wi th a l g a l 
s t r o m a t o l i t e s . The va r ious s p e c i e s of s t r o m a t o l i t e s from Matoon 
and Dakan Kotra have been i d e n t i f i e d and desc r ibed on t h e b a s i s 
of t h e i r genera l shape and s t r u c t u r e , mode and kind of branching , 
arrangement of ba s i c geometric u n i t s , n a t u r e of l a t e r a l su r f ace s 
and boundar ies , t h e degree of convexi ty of t h e e lementary laminae, 
width of in te rco lumnar space and c h a r a c t e r and n a t u r e of t h e 
l a y e r . The i d e n t i f i e d spec i e s resemble t h o s e of C o l l e n i a columnaris 
Fenton and Fenton, Co l l en i a b a i c a l i c a Maslov, C o l l e n i a k u s i e n s i s 
Maslov, C o l l e n i a symmetrica Fenton and Fenton, B a i c a l i c a prima 
Semikhatov, Mini a r i a c a l c e o l a t a Korolyuk and "feedia Walcot t . 
A geometr ic c l a s s i f i c a t i o n of t h e s e s t r o m a t o l i t e s p e c i e s i s 
proposed as fo l lows: 
i ) LLH-S . . . LLH-C 
i i ) LLH-S . . . SH-V 
i i i ) SH-V . . . LLH (C and S) 
Out of t h e s e s p e c i e s , t h e Co l l en i a columnaris i s non-
phosphat ic whereas, t h e r e s t of t h e spec ies a r e h igh ly phosphat ic 
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in nature. However, all the species suggest that the environ-
mental condition of the basin in which they flourished was 
shallow subtidal to shallow intertidal. 
An attempt has been made to propose the age of the 
Aravalli Super<jroup and the Matoon Formation on the basis of 
the species of stromatolites identified and their importance in 
stratigraphic correlation. The assemblage of stromatolite 
species indicates that the age of the Aravallis may fall between 
1,000 and 1,500 million of years and that of Matoon between 
the middle and upper Riphean. 
The phosphate rocks have collophane, francolite and 
dahllite as the dominant phosphate minerals. Quartz is the 
dominant gangue constituent of fragmental phosphorite and occurs 
as i) fine-grained inclusions in collophane, and ii) coarsely 
crystalline grains with chert composing the matrix of phosphate 
minerals. Calcite and dolomite are the chief gangue mineral 
constituents of stromatolite bearing phosphorite. The other 
associated gangue minerals include chert, feldspar, muscovite, 
tourmaline, goethite, zircon, anatase, illite and kaolinite. 
There are also some instances of replacement of calcite by 
collophane. 
The infra-red spectral analyses of these phosphorites 
reveal the presence of structural C0-. and OH ions in apatite 
structure. The discrete phase of C0-, in Dakan Kotra phosphorites 
is indicated by the presence of V. vibration in 710 ~ frequency 
region. The presence of a band in 650 ~ frequency region 
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indicates the presence of hydroxyl apatite. 
Representative samples of phosphorites from Matoon and 
Dakan Kotra were chemically analysed in order to determine 
quantitatively their major oxides, viz., SiO , Al 0 , Fe 0 , 
FeO, MnO, Ti02, CaO, MgO, P205, NajO, K 0, H 0+, CO as well 
as F in terms of weight per cent. The main departure in the 
abundance of major oxides between Matoon and Dakan Kotra 
phosphorites is that in the former the concentration of SiO , 
Al203, Pe203/ FeO, Tio2, MnO, Na20, K20, F and P205 is higher 
and that of CaO, MgO, H O and C02 is lower than in the lattef. 
The ionic composition (based on 10 cations) of Matoon phosphorite 
corresponds to the theoretical carbonate fluorapatite having the 
formula: CalQ 1 Q( p0 4) 4 7^C03^i 42^F1 14' 0H1 75^* T h e hi(3her 
concentration of CO and H O in the phosphorites of Dakan 
Kotra than that found normally in carbonate fluorapatite is 
rather unusual. Contrastingly, the phosphorites have unusually 
lower concentration of fluorine. Accordingly, such a compositional 
abnormality may be explained as due to deficiency of P0. and 
excess of CO., and OH components in the carbonate fluorapatite 
associated with the Dakan Kotra phosphorite. The chemical 
formula Cag 5 8( p9 4) 2 22(C03^5 89(0H4 83'F0 54 ^  t h a t w a S G o m P u t e d 
on the basis of 10 different cations warrants the nomenclature of 
the phosphate mineral as carbonate hydroxyl fluorapatite. 
The sympathetic relationship between CaO and P2°5 indicates 
2+ the formation of stable calcium phosphate. The presence of Mg 
rather inhibits the growth of apatite crystallites. The strong 
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negative re la t ionsh ip of MgO with CaO and P„0,. suggests the 
replacement of magnesian c a l c i t e by calcium phosphate. The 
excess water and sympathetic re la t ionsh ip of HO with CaO/P 0q 
r a t i o exp l i c i t l y suggest the pos s io i l i t y of PO. ,< >r(OH) 
subs t i tu t ion . The C0_ exhioi ts sympathetic r e l a t ionsh ip with 
MgO and HO while CaO and P2°5 a r e an t ipa the t i ca l ly re la ted 
with CO . I t i s , therefore , suggested tha t CO in these 
phosphorite i s a function of water forming s t ab le magnesian 
carbonate. Moreover,with the entry of CO in the a p a t i t e 
l a t t i c e Ca and P were p a r t i a l l y replaced. Furthermore, the 
sympathetic re la t ionsh ip of C0„ with F as well as OH suggests 
the pos s i b i l i t y of subs t i tu t ion of C0_F and/or CO.OH by P0 . 
Fluorine i s believed to have remained fixed in apa t i t e s t ruc tu re 
in an ear ly stage and possibly occupied the vacant oxygen s i t e 
when CO.T':Bubstituted for P0.~ . The discrepancy of F in Dakan 
Kotra phosphorite i s possibly due to the excess of OH, where 
F was replaced by OH. 
The higher CaO/PJDg, C02/P205 and F/P 0^ r a t i o s in the 
phosphorites are primarily ind ica t ive of the presence of carbonate 
f luorapa t i t e and the formation of phosphorite by replacement 
processes. 
The pr incipal oxides l ike s i ° 2 ' A l ? ° 3 ' T i 0 2 ' K 2 0 ' e t c " 
wnich are not re la ted to apa t i t e may have associat ion with the 
s i l i c a t e group. The high Si0„/Al2O3 and low K20/A1203 r a t i o s 
signify the presence of quartz and alumino-si l icate minerals in 
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these phosphorites. The excessively high SiO content might 
have possibly caused one of the dilution of p90(--
The trace elements such as Ag, Cd, Co, Cr, Cu, Ga, Li, Ni, 
Pb, rib, Sr, Th, U, V and Zn in the phosphorites and country rocks 
have been determined quantitatively. Most :>f the trace elements 
that found their way into the basin of deposition appear to have 
invaded the lattice of phosphate, carbonate, silicate and clay 
minerals and combined with them structurally. The elements 
like Sr, V and to a lesser extent, Cr and Th seem to be related 
to apatite. Pb and Zn are probably associated with the carbonate 
minerals. Ag, Cu, Ni, Co and U are found in the silicate 
minerals while, Ga, Li and Rb are closely associated with the clay 
minerals. 
Biogenic activity is supposed to be chiefly responsible 
for the distribution, abundance and fixation of Ag, Cd, Cr, Co, 
Cu, Ni, Pb and Zn in the phosphate rocks. The Th/U ratio (about 
0.2) suggests a slightly reducing to fairly oxidizing environ-
mental condition. 
A statistical method (Factor-Vector analyses) was followed 
to explain the complex relations among several geochemical 
variables in terms of simpler and more meaningful relations 
with the help of Varimax-R-mode factor analysis. The major and 
trace element variability of Matoon and Dakan Kotra phosphorites 
were computed in terms of various admixture of eight factor and 
vector scores. 3ased on the nature of loadings the eight factors 
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have been specified as follows: 
i) Silica precipitation 
ii) Phosphate precipitation 
iii) Carbonate precipitation and dolomitization 
iv) Organic activity 
v) Detrital clay supply 
vi) Residual pore water factor 
vii) Oxidizing condition 
The results of the factor-vector analyses indicate copre-
cipitation of calcium carbonate and calcium phosphate and 
simultaneous replacement of early formed calcium carbonate by 
calcium phosphate. The formation of carbonate, phosphate and 
silicate group of minerals suggests variation in pH conditions. 
Detrital supply seems to be very limited and indicates the 
formation of leucophosphate. The Eh conditions suggest slightly 
reducing to fairly oxidizing shallow marine environment. The 
concentration of the trace elements like Cu, Co, Cr, Pb, Zn, Ag 
and Th in the stromatolite bearing phosphates may be attributed 
to their association with the stromatolites. 
The initial phosphorus seems to be derived from the pre-
existing Banded Gneissic Complex as a result of their chemical 
decay followed by release of phosphorus to the shallow marine 
water and sediments. Marine upwelling caused the concentration 
of the phosphatic minerals over the shelf areas of a more or less 
restricted basin of deposition occupying some arms of the 
pre-existing sea. The role of geochemical environment in the 
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deposition of phosphorites as well as the accompanying activity 
of algal matter, that mutually interacted under a set of shallow 
intertidal and shallow subtidal environmental condition leads one 
to conclude that precipitation of calcium phosphate was essentially 
dependent upon the pH and Eh conditions, partial pressure of 
CO^, photosynthesis, temperature and replacement processes. The 
various forms in which phosphorite occurs appear to be related 
to some environmental vicissitudes at the time of deposition 
followed by structural disturbances. 
BIBLIOGRAPHY 
Achanar, C.w. and Johnson, J.H. 1969. Algal stromatolites In 
the James Reef Compled (Lr. Cretaceous) Fairway-field/ 
Taxas. Jour. Sed. Petro., v.39, p. 1466. 
Adams, J.A.S., Osmond, J.K. and Rogers, J.J.W. 1959. The geo-
chemistry of Thorium and Uranium. Physics Chem. Earth., 
v.3, pp. 298-348. 
Adams, J.K., Grott, J. and Hiller, N.w. Jr. 1961. Phosphatic 
pebbles from Brightseat Formation of Maryland. Jour. 
Sed. Petr., v.31, pp. 546-562. 
Adler, H.H. and Kerp, P.F. 1963. Infra-red spectra, symmetry and 
structure relations of some carbonate minerals. Am. 
Mineralogist, v.48, Nos.7, and 8, pp. 839-853. 
Adler, H.H. 1964. Infra-red spectra of phosphate minerals, 
symmetry and substitution effects in pyromorphite 
series. Am. Mineralogist, v.58, pp. 1002-1015. 
Adreivaskaya, N.F., Kruglova, A.A. and Shchipanov, 1967. Some 
results of infra-red spectroscopic studies on natural 
calcium phosphate. Zap, Vses, Min. Obsch., v.95, 
pp. 679-688. 
Agrell, S.O., 1965. Polythermal metamorphism of limestone at 
Kilchoan, Ardnamurchan. Mineralog. Mag. Tilley Volume, 
pp. 1-15. 
Ahrens, L.H. 1953. The use of ionisation potentials. Part 2, 
Anion affinity and geochemistry. Geochim. et Cosmochim. 
Acta, v.3, pp. 1-29. 
Altschuler, Z.S., Clarke, R.S. Jr. and Young, E.J. 1958. Geo-
chemistry of uranium in apatite and phosphorus. U.S.G.S. 
Bull. Prof. Paper 314-D, pp. 45-90. 
Ames, L.L., Jr. L959. The genesis of carbonate apatite. Eco. 
Geol., v.54, pp. 829-841. 
Anglejan, B.F.D. 1967. Origin of marine phosphorite off Baja 
California, Maxico, Mar. Geol., v.5, pp. 15-44. 
Awramik, S.M. 1971. Precambrian columnar stromatolite diversity: 
reflection of Metazoan appearance. Science, V. 174, 
pp. 825-827. 
197 
198 
Bachra/ B.N., Travtz, O.R. and Simon, S.L. 1965. Precipitation of 
calcium and carbonates and phosphates-III: The effect of 
magnesium and fluoride ions on the spontaneous precipitation 
of calcium carbonates and phosphates. Archives Oral 
Biology, v. 10, pp. 731-738. 
Banerjee, D.M. 1971a. Origin of Precambrian sedimentary phosp-
horites ef Raj asthan, India. Proc. 58th Ind. Sci. Congr. 
III(V), p. 297. 
Banerjee, D.M. 1971b. Pre-Cambrian stromatolitic phosphorite of 
Udaipur. Geol. Soc. Amer. Bull., v. 82, No. 8, pp. 2319-
2330. 
Banerjee, D.M. 1971c. ATavalli stromatolites from Udaipur, 
Rajasthan. Jour. Geol. Soc. India, v. 12, No. 4, pp. 349-
355. 
Banerjee, D.M. 1980. Chemical Rhythmicity in Precambrian laminated 
phosphatic stromatolites and its bearing on the origin of 
algal phosphorite. Indian Jour. Earth Sci., v. 5, No. 1, 
pp. 102-110. 
Barman, G,, Verma, K.K. and S.N. Puri. 1978. Biostratigraphic 
zonation of the stromatolite-bearing horizons in the 
Aravallis of Udaipur district, Rajasthan. Jour. Geol. 
Soc. India, v. 19, No. 6, pp. 264-267. 
Baron, G. 1960, Application au phenomene de dolomitization. Rev. 
Inst. Franc. Petrol., No. 1, pp. 3-68. 
Baturin, G.N. 1971. Stages of phosphorite formation on the 
ocean floor. Nature, 232, pp. 61-62. 
Berner, R.A. 1971. Chemical sedimentology, McGraw Hill Co., 
New York, p. 240. 
Berry, I.G. and Mason, B., 1959. Mineralogy. W.H. Freeman and Co., 
San Francisco, 612p. 
Black, M. 1933. The algal sediments of Andros Island. Bahamas 
Royal Soc. (London), Philos. Trans.Ser. B., v.122, 
pp. 165-192. 
Blackwelder,E. 1913. Origin of the Bighorn dolomite of Wyoming. 
Geol. Soc. Amer. Bull., v. 24, pp. 607-624. 
Blackwelder, E. 1915. Origin of the Rocky Mountain phosphate 
deposits. Bull. Geol. Soc. Amer., v. 26, pp. 100-101. 
Blackwelder, E. 1916. The geologic role of phosphorus. Amer. Jour. 
Sci., v. 42, pp. 285-298. 
199 
Blatt, H., Middleton, G. and Murray, R. 1972. Origin of sedi-
mentary rocks. Prentice-Hall, New Jersey, p. 634. 
Bortleson, G.C. and Fredlee, G. 1974. P, Fe and Mn distribution 
in sediment cores of six Wisconsin lakes. Lim and Oceanog., 
v. 19, pp. 794-801. 
Bowen, V.T. and Sutton, D. 1951. Comparative studies of mineral 
constituents of marine sponges. Jour. Marine Res., v. 10, 
pp. 153-167. 
Bragg, W.L. 1937. Atomic structure of minerals. Ithaca, New York. 
Brophy, G.P. and Nash, T.J. 1962. Composition, Infra-red and 
X^ray analysis of fossil bone. Am. Min., v. 47, pp. 1174-
1180. 
Buddington, A.F. 1933. Correlation of kinds of igneous rocks 
with kinds of mineralization, ore deposits of the 
Western States, AIMME, Idndgren, v. , pp. 350-385. 
Burnett, W.C. and Veeh, H.H. 1977. Uranium series disequilibrium 
studies in phosphorite nodules from the west coast of 
South America. Geochim. et Cosmochim. Acta. v. 41, 
pp. 755-764. 
Bushinskii, G.I., 1964. On the shallow water origin of phosphorite, 
(in Van Straaten, L.M.J.U., ed.), Deltaic and shallow 
marine deposits. Amsterdam, Elsevier, pp. 62-70. 
Bushinskii, G.I, 1966. The origin of marine phosphorite. Lithol. 
Miner. Deposits, pp. 292-311. 
Bushinskii, G.I. 1969. Old phosphorites of Asia and their origin. 
(Translation from the Trans. Akad. Nauk SSSR, Moskva, 
1966, No. 149,p. 266). Jerusalem, Israel Programme for 
Scientific Translation. 
Butler, J.R. 1953. The geochemistry and mineralogy 6f rock 
weathering (1) The Lizard area Cornwall. Geochim. et. 
Cosmochim. Act., v. 4, pp. 157-178. 
Cahen,L.J.A. and Mortelmans, G. 1946. Note preliminaire sur les 
Algus des series Calcaires Anciennes du Congo Beige: 
Service Geol.Conge Beige et Rundo-Urandi. Bull. 2, fasc. 
2, pp. 171-236. 
Cameron, E.M. 1957. Unpublished Ph.D. Thesis, University of 
Manchester. 
200 
Campbell, C.V. 1962. Depositional environments of phosphoria 
Formation (Permian) in Southeastern Bighorn basin, 
Wyoming. A.A.P.G. Bull., v. 46, pp. 478-503. 
Carlstrom, D. 1955. X-ray crystallographic studies on apatites and 
classified structures. Acta Radiol. Suppl., p.121. 
Carobbi, G. and Pieruccini, R. 1947. Spectrograph^ analysis of 
Tourmaline from the Island of Elba with correlation of 
colour and composition. Am. Mineral., v. 32, p. 121. 
Chatterjee, G.C. 1967. Sedimentary phosphorite deposits of 
Mussoorie area. Jour. Min.Metal Fuels, v. 15, No. 4, 
pp. 97-98. 
Chatterj.ee, G.C. 1968. A note on recent finds of phosphate 
occurrences in Rajasthan. Jour. Mines. Metals and 
Fuels, v. 16, No. 2, pp. 33-35. 
Chatterjfie,G.'C. 1968. Mineralogy of some Indian phosphorite. 
Ind. Mineralogist, v. 10, pp. 198-204. 
Chatterjee, P.K. and Mukherjee, B. 1971. Mineralogy of phosphorite 
from Udaipur, Rajasthan, Proceedings. 58th Indian Sci. 
Cong. III(V), p. 236 (Abstr.). 
Chauhan, D.S. 1970. Phosphorite bearing stromatolites from 
Aravallis of Rajasthan. 5th Himalayan Geol. Sem., 
Chandigarh, p. 10 (Abstr.). 
Chauhan, D.S. 1973. Stromatolites from the Precambrian phosphorite 
bearing stratum of the Aravalli region of Udaipur, 
Rajasthan (India), Doklady, Akad. Nauk SSSR, v. 208, 
pp. 1429-1431. 
Chauhan, D.S. and Amstutz, G.C. 1975. Environmental setting 
and genesis of Aravalli (Precambrian) stromatolitic 
phosphorite deposits of Udaipur region, India. 9th 
Internat. Congr. Sediment., France, July, 1975. 
Chauhan, D.S. 1979. Phosphate-bearing stromatolites of the 
Precambrian Aravalli phosphorite deposits of Udaipur 
region, their environmental significance and genesis of 
phosphorite. PreCamb. Res., v. 8, No. 1/2, pp. 95-126. 
Charles, G. 1953. Sur l'Origine des gisements de phosphates de 
chaux sedimentaries, cited in Bromley, R.G., Marine 
phosphorites as depth indicators. Marine Geology.,v. 5, 
pp. 503-509. 
201 
Chen/ V.R., Bu t le r / J .N . and Stumm, w. 1973a. K i n e t i c s tudy of 
phosphate r e a c t i o n with aluminum oxide and k a o l i n i t e . 
Environ. S c i . Technol . / v . 7 /pp . 327-332. 
Choudhuri/ R. / Chakraborty , A.K. and Ghosh, S.K. 1968. S tud ie s on 
Indian phosphates . P a r t 1/ Technology/ Vol. 5/ No. 4 , 
pp . 285-293. 
Choudhuri/ R. , Balasubramanian/ N w Kapoor, G .P .S . / Sharma, D.S. 
and Dhabi, D.R.* 1978. S t r o m a t o l i t e s as a parameter i n 
grade c o n t r o l of Jhamarkotra p h o s p h o r i t e s . Geol .Surv . 
I n d i a , Misc .Pub l . , No. 44, 1980, pp . 330-339. 
Choudhuri , R. and Balasubramanian, N.1980. Grade d i s t r i b u t i o n 
p a t t e r n and i t s bea r ing on t h e formation of High and 
Low grade In Jhamar Kotra Phosphor i t e d e p o s i t , Udaipur 
Rajas than , Ind . J o u r . Ear th S c i . , v . 7 , No. 1, pp . 89-93 . 
C l a r k e , F.w. and Washington, H.S. 1924. The composit ion of t h e 
e a r t h ' s c r u s t / U.S.G.S. Prof . Paper 127. 
Cloud, P .E . ( J r . ) 1942. Notes on s t r a m a t o l i t e s . Amer. J o u r . S c i . / 
v .240/ No.5, pp. 363-379. 
Cloud, P .E. and SemikhatoV/ M.A. 1969. P r o t e r o z o i c s t r o m a t o l i t e 
zona t ion . Amer. J o u r . S c i . / v . 267/ pp . 1017-1061. 
Crawford/A.R. 1969a. Reconnaissance Rb-Sr d a t i n g of t h e Precambrian 
rocks of Southern Pen insu la r Ind i a / J o u r . Geol .Soc . I n d i a , 
v . 10, No. 2 , pp. 116-166. 
Crawford/ A.R. 1969b. I n d i a , Ceylon and P a k i s t a n : New age d a t a 
and comparison with A u s t r a l i a . Na tu re , v . 223, No. 5204, 
pp . 380-384. 
Crawford, A.R. 1970. The Precambrian geochronology of Rajas than 
and Bundelkhand, Northern I n d i a . Can. J o u r . Ear th S c i . , 
v . 7 , No. 1/ pp. 91-110. 
Crawford/A.R. 1975. Rb-Sr age de te rmina t ion for t h e Mount Abu 
g r a n i t e and r e l a t e d rocks of Guj ra t . J o u r . Geol . Soc. 
I n d i a / v . 16/ No. 1/ pp . 20-28. 
Crookshank/ H. 1948. Minerals of Rajputana p e g m a t i t e s . T rans . 
Min. Geol. Met. I n s t . I nd i a / v . 42/ p t . 2e pp . 105-189. 
Dawson, J . w . 1897. Subdivis ion of Cambrian and Pre-Cambrian 
of Southeas te rn S i b e r i a according t o s t r o m a t o l i t e s . 
Rept . 21st I n t n a t . Geol. Congr. Norden S/ Copenhagen, 
pp. 26-36 and 113-118. 
202 
Dawson/ K.M. and Sinclair, A.J., 1974. Factor analysis of minor 
element data for pyrites, Endako molybdenure mine, British 
Columbia/ Canada. Econ. Geol., v. 69, pp. 404-411. 
Deans, T. and Vincent, H.C.G. 1938. Prancolite from sedimentary 
ironstones of the coal measures. Mineral Mag., v.25, 
pp. 135-139. 
Deer, W.A., Howie, R.A. and Zussman, J. 1965. Rock forming 
minerals, Non-silicate, v. 5, pp. 323-338. 
Drever, J.I. 1971. Magnesium-iron replacement in clay minerals in 
anoxic marine sediments. Science-, v. 172, pp. 1334-1336. 
Dubey, R.R. and Parhasarthy, A. 1972. Mineralogical studies of 
phosphorites from Mussoorie, U.P., Rec. Res. in Geol. v.2, 
pp. 289-295. 
Emigh, G.D. 1967. Petrology and origin of phosphorite(in Hale, 
Lyle, A. (ed.), Anatomy of the western phosphate field. 
Intermountain Association of Geologists, Salt Lake City, 
Utah, pp. 103-114. 
Fenton, C.L. and Fenton, M.A. 1931. Algae and algal beds in the 
Belt Series of Glacier National Park. Jour. Geol., v. 39, 
pp. 670-686. 
Fenton, C.L. and Fenton, M.A. 1937. The belt series of the North: 
Stratigraphy, sedimentalogy and paleontology, Geol. Soc. 
Amer. Bull., v. 48, pp. 1873-1970. 
Fermor, L.L. 1936. An attempt at correlation of the ancient 
schistose rocks of Peninsular India. Mem. Geol. Surv. 
India, v. 69, pt. 2, pp. 1-127. 
Fisher, D.J. and McConnell, D. 1969. Aluminium-rich apatite. 
Science, v. 164, pp. 551-553. 
Folk, R.L. 1968. Petrology of Sedimentary rocks. Hemphill's 
Austin, Texas, p. 170. 
Friedman, G.M. 1959. Identification of carbonate minerals by 
staining methods. Jour. Sed. Petrology, v. 29, pp. 87-97. 
Frohlich, F. 1960. Beitrag zur Geochemie des chroms. Geochim. 
et Cosmochim. Acta, v. 20, pp. 215-240. 
Fyfe, W.S. 1964. Geochemistry of solids. McGraw-Hill Book 
Company, New York. 
Garrels, R.M. I960. Mineral equilibria at low temperature and 
pressure. Harper, New York. 
203 
Garrels, R.M. and Christ, C.L., 1965. Solutions, minerals and 
equilibria. Harper and Row Publ., New York, p. 495. 
Gebelin, C.D. 1969. Distribution, morphology and acretion rate 
of recent subtidal algal stromatolite in Bermuda. Jour. 
Sed. Pet., v. 39, pp. 49-69. 
Gimmel 'Farb, A.P. 1957. Main geological characteristics of the 
phosphorite deposits of the U.S.S.R. and their genetic 
classification. G.I.N.,Akad.Nauk, USSR, Moscow. 
Ginsberg, R.N. 1955. Recent stromatolitic sediments from South 
Florida (Abs.). Jour. Paleontology, v. 29, p. 723. 
Ginsberg, R.N. 1960. Ancient analogues of recent stromatolites. 
21st Int. Geol.Cong., pt. 22, p. 26-35. 
Ginsburg, R.N. 1964. Classification and environmental significance 
of algal stromatolite. Jour. Geol., v. 72, No. 1, 
pp. 68-83. 
Goldberg, E.D. and Parker, R.H. 1960. Phosphatised wood from the 
pacific Sea floor, Bull. Geol. Soc. Amer., v. 70, 
pp. 631-632. 
Goldschimidt, V.M. 1929. Die Naturgeschichte der Eisenfamilie. 
Stahl u. Eisen, Heff. 18. 
Goldschimidt, V.M. 1937. The principles of distribution of 
chemical elements in minerals and rock. Jour. Chem. Soc. 
for 1937, p. 655. 
Goldschimidt, V.M. 1944. Crystal chemistry and geochemistry; 
applications for recovery of rare elements in science 
and industry. Chemical Product. March April, 1944. 
Goldschmidt, V.M. 1954. Geochemistry. Clarendon Press, Oxford. 
Grabau, A.W. 1919. Prevailing stratigraphic relationships of 
bedded phosphate deposits of Europe, N. America and 
N. Africa,Bull. Geol. Soc. Amer., v. 30, p. 104. 
Graf, D.L. I960. Geochemistry of Carbonate sediments and 
sedimentary carbonate rocks. I-IV, Illinois State Geol. 
Surv. Circ, 297, 298, 301, 308, p. 250. 
Gulbrandsen, R.A. 1966. Chemical composition of phosphorites of 
the phosphoria formation, Geochimet Cosmbchim Acta, v.30, 
pp. 769-778. 
204 
Gulbrandsen, R.A., Kramer, J . R . , Bea t ty ,L .B . and Mays, R . E . , 1966. 
Carbonate bear ing a p a t i t e from Faraday township . O n t a r i o , 
Canada. Amer. Minera l s , v . 5 1 , pp . 819-824. 
Gulbrandsen, R.A. 1969. Phys ica l and chemical f a c t o r i n t h e 
formation of marine a p a t i t e , Eco. G e o l . , v . 6 4 , pp.365-382. 
Gupta, B.C. 1934. The geology of t h e C e n t r a l Mewar. Mem. Geol . 
Surv. I n d i a , v . 6 5 , p t . 2 ,pp.107-169. 
Haber land, H. 1947. Die Bedeuting der spurenelem e n t e i n der 
geochemischen Forschung. Montash, v . 7 7 , p . 2 9 3 . 
Hacket , C.A. 1881. Geology of A r a v a l l i Region, C e n t r a l and 
Eas t e rn , Rec.Geol. Surv. I n d . , v . 1 4 ( 4 ) , pp . 279-303. 
Harman, H.H. 1967. Modern f a c t o r a n a l y s i s , U n i v e r s i t y of 
Chicago P r e s s , Chicago, I I I , 2nd e d . , p . 474. 
Hasan, M. 1975. Equi l ibr ium and d i s e q u i l i b r i u m phenomenon and 
i t s s i g n i f i c a n c e i n uranium e x p l o r a t i o n , IAEA P u b l i c a t i o n , 
Vienna, pp. 1-20. 
He i r , K.S. and Tay lor , S.R. 1959b. D i s t r i b u t i o n of Ca, Sr and 
Ba in Southern Norweigian Precambrian a l k a l i f e l d s p a r . 
Geochim. e t Cosmochim. Acta, v . 17, pp. 286-304. 
Heron, A.M. 1917. Geology of Nor th-Eas tern Rajputana and adjacent 
d i s t r i c t , Mem. Geol. Surv. I n d i a , v . 4 5 , p t . 1, pp. 1-128. 
Heron, A.M. 1922. Gwalior and Vindhyan System i n South-Eas tern 
Rajputana, Mem. Geol. Surv. I n d i a , v . 4 5 , p t . 2, 
pp . 129-189. 
Heron, A.M. 1933. Vindhyans of Western Ra jas than , Rec. Geol . Surv. 
I n d i a , v . 5 5 , p t . 4 , p . 2 0 . 
Heron, A.M. 1935. Synopsis of t h e Pre-Vindhyan geology of 
Rajputana. Trans . Nat . I n s t . S c i . I n d i a , v . l , p t . 2 , 
pp . 17-33 . 
Heron, A.M. 1936. Geology of South-Eastern Mewar, Rajputana. 
Mem. Geol. Surv. I n d i a , v . 4 8 , p t . l , p . 90 . 
Heron, A.M. 1953. The geology of t h e C e n t r a l Rajputana. Mem. 
Geol. Surv. I n d i a , v . 7 9 , p t . l , pp . 1-389. 
H i r s t , D.M. and N i c h o l l s , G.D. 1958. Techniques i n sedimentary 
geochemistry: (1) Separa t ion of t h e d e t r i t a l and non-
d e t r i t a l f r a c t i o n s of l imes tones . J o u r . Sed. P e t r o l . , 
v . 28, pp. 468-481. 
205 
Hirst, D.M. 1962. The geochemistry of Modern sediments from the 
Gulf of Paria-I. The relationship between the mineralogy 
and the distribution of major elements. Geochim. et 
Cosmochim. Acta. v. 26, pp. 309-334. 
Hoffman, P. 1967. Algal stromatolites: Use in stratigraphic 
correlation and paleocurrent determination. Science, 
v. 157, pp. 1043-1045. 
Hofmann, H.J. 1973. Stromatolites-characteristics and utility. 
Earth Sci. Rev.,v. 9, pp. 339-373. 
Holmes, A. 1955. Dating the Precambrians of Peninsular India and 
Celon. Proc. Geol. Assoc. Can., v. 7, pt. 2, pp. 11-106. 
Holzinger, K.J. 1944. A simple method of factor analysis. Psych., 
9, pp. 257-262. 
Horodyski, R.J. 1975. Stromatolites of the Lower Missoula Group 
(Middle Proterozoic) Belt super Group, Glacier National 
Park, Montana. Precambrian Res.2, pp. 215-254. 
Horstman, E.L. 1959. The distribution of Li, Rb and Cesium in 
igneous and sedimentary rocks. Geochim. et Cosmochim. 
Acta, v. 12, No. 1-2, pp. 1-28. 
Hurlbut, H.F. 1957. The Wurtzite-Greenockite series. Am. Miner., 
v. 42, No. 3/4, pp.184-190. 
Imbrie, J.and Purdy,G.G. 1962. Classification of modern Bahamian 
Carbonate sediments in the classification of carbonate 
rocks. Am. Assoc.Petroleum Geologists, Mem. 1, pp.253-272. 
Imbrie, J. and Van Andel, T.H. 1964. Factor analysis of heavy 
mineral data. Geol. Soc. of Amer. Bull., v. 75,No. 11, 
pp. 1131-1155. 
Jacob, K.D., Hill, W.L., Marshall, H.L. and Reynolds, D.S. 1933. 
The composition and distribution of phosphate rock with 
special reference to the United States. Bull. U.S. Dept. 
Agric, v. 364, pp.1-90. 
Kazakov, A.V. 1937. The phosphorite facies and the genesis of 
phosphorite. In geological investigation of agricultural 
ores U.S.S.R. Trans. Sci.Inst. Fertilizers Insecto 
fungicides, No. 142, pp. 93-113. 
Kazakov, A.V. 1938. The phosphorite facies and the genesis of 
natural phosphates. Soviets Kaya Geologiya, v. 8, pp.33-47. 
206 
Keith, M.L. and Degens, E.T. 1959. Geochemical indicators of 
marine and fresh water sediments. In: Researches in 
Geochemistry. New York, pp. 38-61. 
Keller, B.M., Kazakov, G.A., Krylon, I.N., Nuznov, s,.v. and 
Semikhatov, M.A. 1960. New data on the stratigraphy 
of the Riphean Group (Upper Proterozoic) Izvestia 
Akademii Nauka, SSSR, Ser. Geol., No.2, pp. 21-23. 
Kholodov, V.N. 1959. Nekotorye Voprosy povedeniya redkikh i 
rasseyannykh elementov v Osadochnom protsesse (Problems 
of the behaviour of Rare and Dispersed elements during 
the sedimentary process), Trudy IMGRE AN SSSR, No. 2, 
pp. 19-48. 
Klotz, I. 1968. Chemical Thermodynamics, Wiley Intersci. Publ. 
Co.,, p.218. 
Kolodnys Yehoshua. 1969a. Studies in geochemistry of uranium 
and phosphorites. Ph.D. dissertation, University of 
California, Los Angles. 
Kolodny, Y. and Kaplan, I.R. 1970. Uranium isotopes in sea flour 
phosphorite. Geochim. et Cosmochim. Acta, v.34, pp.3-34. 
Korolev, V.G. and Krylov, I.N. 1962. Contribution to the 
stratigraphy of the upper Precambrian of the Northern 
Tieu-Shau-Doklady Akademmi Nauk SSSR, v.139, pp. 1334-1336. 
Korolyuk, I.K. 1960. Stromatolites of the Lower Cambrian and 
Proterozoic of the Irkutsk amphitheater. Tr. Inst. Geol. 
Razrab. Goryuck. Iskop, Akad. Nauk, SSSR, V.l, 
pp. 112-161. 
Kramer, J.R. 1959. Correlation of some earlier data on calcite 
and dolomite in sea water. Jour. Sed. Pet., v.29, 
pp. 465-467. 
Kramer, J.R. 1964. Seawater-saturation with apatites and 
carbonates. Science, v.146, No.3644, pp. 637-638. 
Krauskopf, K.B. 1955. Sedimentary deposits of rare metals. 
Eco. Geol. 50th Anniversary Vol., pp. 411-463. 
Krauskopf, K.B. 1956. Factor controlling the concentration of 
thirteen rare metals in Sea water. Geochim. et Cosmochim. 
Acta, v.9, pp. 1-328. 
Krauskopf, K.B.1957. Separation of manganese from iron in 
sedimentary processes. Geochim. et Cosmochim. Acta, 
v. 12, pp. 61-64. 
207 
Kress, A.G.and Veeh, H.H. 1980. Geochemistry and radiometric ages 
of phosphatic nodules from the continental margin of 
Northern New South Wales, Australia. Marine Geology, 
v. 36, pp. 143-157. 
Krumbein, W.C. and Garrles, R.M. 1952. Origin and classification 
of chemical sediments in terms of pH and oxidation-
reduction potentials. Jour. Geol.,v. 60, pp. 1-33. 
Krumbein, W.C. and Graybill,F.A, 1965. An introduction to 
statistical Models in Geology. McGraw-Hill, New York, 
N.Y., p. 475. 
Krumbein, W.C. and Imbrie, J. 1963. Stratigraphic factor maps. 
Am. Assoc. Petroleum Geologists, Bull., v. 47, pp. 693-701. 
Krylov, I.N. 1960. The development of columnar branching 
stromatolite during Riphean times in Southern Urals. 
Doklady Akdemii Nauka, SSSR, v. 132, pp. 895-898. 
Krylov, I.N., 1963. Branching stromatolite of Riphean of £. 
Urals (in Russian), Trudy.Geol. Acad. Sci. USSR, v. 69, 
p. 123. 
Landergren, S. 1943. Geokemiska studier over Grangesbergsfallets. 
Jarnmalmer Ing. Vetens-Kaps Akad, Haudl. No. 172. 
La Touche, T.D. 1902. Geology of Western Rajputana, Mem. Geol. 
Surv. Ind., 35(1), pp. 1-116. 
Leckie, J.O. and Stumm, W. 1969. Phosphate precipitation in: 
water quality improvement by physical and chemical 
process (E.F. Glyona and W.W.E. Ckenfelde , Ed.), 
Univ. Texas, Dallas, Texas, pp. 237-249. 
Le Riche, H.E. 1959. The distribution of Certain Trace elements 
in the Lower Lias of Southern England. Geochim. et Cosmo-
chim. Acta., v. 16, pp. 101-122. 
Logan, B.w. 1961. Cryptozoon and associated stromatolite from 
recent Shark Bay, Western Australia. Jour. Geol., v. 69. 
pp. 517-533. 
Logan, B.W., Rezak, R. and Ginsburg, R.N. 1964. Classification 
and environmental significance of algal stromatolites. 
Jour. Geol. v. 72, No. 1, pp. 68-83. 
Malinovskii, F.M. 1955. Sulfide-bearing phosphates of Podolia. 
Zapiski, VMO, v. 84, No. 1, pp. 30-42. 
Mansfield, G.R. 1920. Geography,geology and mineral resources of 
the Fort Hall. Indian Reservation, Idaho, Bull. U.S.G.S. 
713. 
208 
Mansfield, G.R. 1940. The r o l e of f l u o r i n e i n phosphate 
d e p o s i t i o n . Amer. J o u r . S c . , v .238 , pp. 863-879. 
Mahajan, V.D # / Verma, K.K. and Barman, G. 1973. Role of a l g a l 
s t r o m a t o l i t e i n t h e formation of phosphor i t e i n t h e 
A r a v a l l i rocks of Udaipur, Ra jas than . Seminar on r e c e n t 
advances i n t h e geology of Rajasthan and Gu ja r a t , J a i p u r , 
Oct. 1973, pp . 50-51 . 
Marten. , C.S. and H a r r i s s , R.C. 1970. I n h i b i t i o n of a p a t i t e 
p r e c i p i t a t i o n i n t h e marine environment by magnesium i o n s . 
Geochim. e t Cosmochim. Acta, v . 3 4 , pp . 621-625. 
Maslov, V.P. 1937. On t h e pa leozo ic rock b u i l d i n g a lgae of 
East S i b e r i a , Moscow Univ. Pa l eon t . Lab. Pub . , Problems 
of Pa leonto logy, No.2-3 ,pp . 249-325. 
Mathur, R.K. ,1964, i n Muktinath e t a l . , 1969. Precambrian phos-
p h o r i t e near Udaipur, Rajas than . J o u r . Mines, Metals and 
F u e l s , v . 17, pp. 335-339. 
McKelvey, V.E. and Nelson, J.M. 1950. C h a r a c t e r i s t i c s of marine 
uranium-bear ing sedimentary r o c k s . Eco. G e o l . , v . 4 5 , 
pp . 35-53 . 
McKelvey, V.E. and Carswel l , L.D. 1956. Uranium i n Phosphoria 
Formation. In (Ed. Page L . R . ) , Con t r i bu t i on t o t h e 
geology of uranium and thor ium. U.S.G.S. Prof . Paper 300, 
pp. 483-487. 
McKelvey, V .E . , Swanson, R.W, and Sheldon, R.P. 1953. The Permian 
phosphor i t e d e p o s i t s of Western United S t a t e s , 19th I n t e r n a t . 
Geol. Cong. , A l g i e r s , 1952, Comptes r endus , Sec . 1 1 , p t . l l , 
pp . 45-64. 
McClellan, O.K. and Lehr, J .R . 1969. C r y s t a l chemical i n v e s t i -
ga t ion of n a t u r a l a p a t i t e s . Amer. Minera l , v . 5 4 , 
pp.1374-1391. 
McConnell, D. 1938. A s t r u c t u r a l i n v e s t i g a t i o n of t h e isomorphism 
of t h e a p a t i t e group. Am.Min., v . 2 3 , p . l . 
McConnell, D. and Gruner,J.W. 1940. The problem of t h e Carbonate 
a p a t i t e s . I I I . C a r b o n a t e - a p a t i t e from Magnet Cove, 
Arkansas. Amer.Mineral . , v . 2 5 , pp . 157-167. 
McConnell,D. 1952. The problem of t h e ca rbona te a p a t i t e s . IV. 
S t r u c t u r a l s u b s t i t u t i o n s invo lv ing CO3 and OH. Bu l l . 
S o c . . F r a n c . Mineral . C r i s t . , v . 7 5 , pp . 428-445. 
McConnell, D. 1960. The c r y s t a l chemis t ry of d a h l l i t e . Amer. 
Mineral , v . 4 5 , p .209-216. 
209 
McConnell, D. 1973. Apatite: its crystal chemistry, Mineralogy, 
Utilization and Geologic and Biologic Occurrences. 
Springer-Verlag. Wien, New York. 
Middlemiss, C.S. 1921. Geology of Idar State, Mem. Geol. Surv. 
Ind., 44(1), p.166. 
Misra, R.C. and Bhatnagar, G.S. 1950. On carbonaceous discs and 
algal dust from the Vindhyan (Pre-Cam.). Curr. Sci., 
v. 19, pp. 88-89. 
Misra, R.C. and Sharma, R.P. 1975. New data on the geology of 
the Bundelkhand Complex of Central India. Recent researches 
in Geology, 2, Hindustan Pub.Co.,Delhi,India,pp.311-346. 
Mitchell, R.L. 1944. The distribution of trace elements in soils 
and grasses. Proc. Nutrition Soc. Engl, and Scot., v.l, 
p. 183. 
Monty, C.L.V. 1967. Distribution and structure of recent stroma-
tolitic algal mats, Eastern Andros Island, Bahamas. Ann. 
Soc.Geol. de Belgique, v.90, pp. 55-102. 
Muktinath, 1967. Phosphate deposits in Rajasthan. Ind.Minerals., 
v. 21, No.2, pp. 83-101. 
Muktinath, Sant, V.R. 1967. Occurrence of algal phosphorite in 
the Precambrian rocks of Rajasthan, Curr. Sci., v. 86, 
No. 23, p. 638. 
Muktinath, Sant, V.N. 1969. Phosphorite in Precambrian rocks 
of Udaipur area, Rajasthan, Proc. 56th Ind. Sci. Cong. 
Asso., pt.4, pp. 90-91. 
Muktinath, Chakravarti, S.C., 1972. Rock phosphate. Rec. Geol. 
Surv. India, v.102, pt.2, pp. 117-130. 
Muktinath, 1974. Phosphorite, its present status and guides 
for further search in India. Proc. 61st Ind. Sci. Cong. 
Part II, Presidential Address, pp. 91-114. 
Murray, J. and Renard, A.F. 1891. Challenger Reports (Deep Sea 
deposits), v.l. 
Naha, K., Chaudhuri, A.K. and Mukherji, P. 1967. Evolution of 
the Banded Gneissic Complex of Central Rajasthan, India. 
Contrib. Miner. Petrol., v.15, pp. 191-201. 
Neuman, W.F. and Neuman, M.w., 1953. The nature of the mineral 
phase of bone. Chem. Revs./ v.53, p.l. 
210 
Nicholls, G.D. 1958. Sedimentary geochemistry. Petroleum, v. 21, 
pp. 316-324. 
Nicholls, G.D. and Loring, D.H. 1962. The geochemistry of some 
British Carboniferous sediments. Geochim. et Cosmochim. 
Acta. v. 26, pp. 181-223. 
Noddack, Ida, 1935. Die Haufigkeiten der seltenen Erden in 
Meteoriten. Z. Anorg. Allgem. Chem., v. 225, p. 337. 
Noddack, I, and Noddack, W. 1939. Die Haufigkeiten der Schwarmetalle 
in Marres Tieren. Arkiv. Zool., 32-A, pp. 1-35. 
Nriagu, J.O. 1972. Stability of vivanite and ion-pair formation 
in the system Fe~ (PO.).-H.PO.-H 0. Geochim. et Cosmochim. 
Acta, v.36, pp. ^ 459- 470. 4 Z 
Oguz Arda, Taner Satoglu, Ercan Aparslan and Tanil Akyiz. 1976. 
Geochemical and mineralogical analyses of the Mazidagi 
phosphates containing U, V. F and other trace elements, 
and views on the probability of uranium recovery. Bull. 
Min. Res and Expl. Inst, of Turkey, Foreign Ed., N.87, 
p. 33. 
Ostrom, M.E. 1957. Trace elements in Illinois Pennsylvanian 
limestone. Illinois State Geol. Surv. Circ.v. 243, pp. 1-34. 
Pandya, M.K.and Chauhan, D.S. 1976. On the origin of rock phos-
phate deposit of Jhamar Kotra, Udaipur distt., Rajasthan, 
Proc. Seminar on Development of Rock Phosphate and 
Pyrites, Rajasthan State Mines and Minerals Ltd., 
Udaipur. 
Patwardhan, A.M. 1973. A note on the origin of Mussoorie phos-
phorite in the Lower Himalaya, India, and its palaeo-
geographic implications. Mineral Deposita, v. 8, 
pp.369-387. 
Patwardhan, A.M. 1975. More evidence in favour of the 
biochemical origin of the Mussoorie phosphorite, Kumaon, 
Lower Himalaya, India, Mineral Deposita, v. 10, pp. 261-265. 
Pauling, L. 1948, 1960. The nature of the Chemical Bond, 3rd ed. 
Cornell University Press. 
Pearson, K. 1901. On lines and planes of closet fit to systems 
of points in space. Phil. Mag. 6, pp. 559-572. 
Penrose, R.A.F. Jr. 1888, Nature and origin of deposits of 
phosphate of lime, with an introduction by N.S. Shaler, 
U.S.G.S. Bull, 46, p. 143. 
211 
Pevear, D.R. 1966. The estuarine formation of the United States 
Atlantic Coastal Plain Phosphate/ Eco. Geol., v. 61, 
No. 2, p. 251-255. 
Pevear, D.R. 1967. Shallow water phosphorites. Eco. Geol., v. 62, 
pp. 562-575. 
Phillips, A.H. 1917. Analytical search for metals in Tortugas 
marine organism,Carneg. Inst. Wash. Dept. Marine Biol., 
Rept. 2, pp. 91-93. 
Phillips, A.H. 1922. Analytical search for metals in Tortugas 
marine organisms. Carneg. Inst. Wash.Dept. Marine Biol., 
Rept. 18, p. 93-99. 
PiaJulius, 1927. Die Erhaltung der fossilen pflanzen, Abt.l, 
Thellophyta, in Hirmer M, 1927, Handb. der Palaeobotanik, 
pp. 1-136, Munchen & Berlin-1. 
Playford, G. and Cockbain, A.E. 1969. Algal stromatolites: 
S t r o m a t o l i t e : deep water forms i n t h e Devonian of Western 
A u s t r a l i a . Sc ience , v . 165, p . 1008-1010. 
Poddar, B.C. 1965. S t r a t i g r a p h i c p o s i t i o n of Banded Gne i s s i c 
Complex of Rajas than. Cur r . S c . , v . 34, pp. 483-484. 
Poddar, B.C. and Mathur, P.K. 1965. A n o t e on t h e r e p e t i t i o n s 
sequence of Graywacke - s l a t e -phy l l i t e i n t h e A r a v a l l i 
system around Udaipur, Rajas than , Bu l l . Geol. Soc. I n d i a , 
v . 2, No. 4 , pp . 84-88. 
Poddar, B.C. 1966. An example of c o n t r a s t e d t e c t o n i c r e g i o n s 
from t h e Precambrian of Udaipur d i s t t . , Ra jas than , Ind . 
Min. v . 20, No. 2, pp . 192-194. 
Polakhnov, A.A. and Ger l ing , E.K. 1960. Ci ted from Sarka r , S.N., 
1968. 
P o l d e r v a a r t , A. 1955. Chemistry of t h e e a r t h ' s c r u s t . Geol . Soc. 
America, Spec. Paper 62 , pp. 119-174. 
Posner , A.S. and Duyckaerts , G. 1954. I n f r a - r e d s tudy of t h e 
carbona te i n bone, t e e t h , and f r a n c o l i t e . E x p e r i e n t i a , 
v . 10, p . 424. 
P r a t t , R.M. and McFarlin, P .P . 1966. Manganese pavements on t h e 
Blake P l a t e a u . Sc ience , v . 151, p . 1080-1082. 
Raaben, M.E. 1969. Columnar s t r o m a t o l i t e and l a t e Precambrian 
s t r a t i g r a p h y , Amer. J o u r . S c i . , v . 267, pp. 1-18. 
212 
Raha, P.K. 1978. S t r o m a t o l i t e s and t h e i r bea r ing on t h e genes i s 
of t h e Magnesite and a s soc i a t ed su lph ide mine ra l s wi th in 
Jammu limestone.Udhampur d i s t r i c t , Jammu, Workshop on 
S t r o m a t o l i t e s held on January 9-12, 1978, a t Udaipur, 
Rajas than . 
Rankama, K. and Sahama, T.G. 1950. Geochemistry. U n i v e r s i t y of 
Chicago P r e s s . 
Raja Rao, C.S. and Iqba luddin , 1966. A n o t e on t h e r e l a t i o n s h i p 
of t h e Bundelkhand Gneiss of Raj as than with t h e surrounding 
sediments . Curr . S c i . v . 35 , No. 2, p p . 44-45 . 
Raja Rao, C.S. 1967. On t h e age of Pre-Cambrian Groups of 
Rajas than . Jour .Mines Met. Fue l s , v . 15 , No. 9, pp.306-309. 
Raja Rao, C . S . , Iqbaluddin and Mathur, R.K. 1968. Algal s t romato -
l i t e s from Arava l l i beds near Dakan Kot ra , U d a i p u r , d i s t t . , 
Rajas than , Curr . S c i . , v . 37, No. 19, pp . 560-561. 
Raja Rao,C.S. 1976. Pre-Cambrian sequence of Ra jas than . Geol. 
Surv. Ind . Misc.Pub. No. 23, p t . 2 , pp . 497-516. 
Rao L i a q a t , A.K. 1981. D i s t r i b u t i o n and behaviour of t r a c e elements 
i n t h e phosphate rocks of Matoon format ion, Udaipur d i s t t . , 
Rajas than . Proc . Three Decades of Development i n Pe t ro logy , 
Mineralogy and Pe t rochemis t ry i n I n d i a , Geological Survey 
of I n d i a , J a i p u r , p . 113. 
Rao, L i a q a t , A.K., Khalid K. Ghauri and Ajmal, M. 1982. Precam-
br ian s t r o m a t o l i t i c phosphor i t es from Karbar i a , Udaipur 
d i s t r i c t , Rajas than, Quart . Jou r .Geo l . Min. Met. Soc. 
I nd i a ( in p r e s s ) . 
Rao, N.K. and Rao, G.V.U. 1971. Pe t rograph ic s tudy of some Indian 
p h o s p h o r i t e . J o u r . Geol .Soc. I n d i a , v . 12, No. 4 , 
pp . 356-367. 
Reeves, M.J. and Saad i , T.A.K. 1971. Fac to r s c o n t r o l l i n g t h e 
d e p o s i t i o n of some phosphate bear ing s t r a t a from Jo rdan . 
Eco. G e o l . , v . 66 ,pp . 451-465. 
Reimier , T.O.(Wiesbaden-AmoneBurg, F .R .G. ) .1978 . S t r o m a t o l i t i c 
dolomite i n t h e l a t e Pre-Cambrian, Malmesbury group, 
Cape p rov ince , S. Af r i ca . Jou r .Sed . P e t r . , v . 2 0 , No. 1, 
p . 29. 
Rezak, R. 1953. Algal zones i n t h e Belt s e r i e s i n t h e G lac i e r 
Nat iona l Park region Montana, Geol. Soc. Am. Bu l l . v . 6 4 , 
p . 1553. 
213 
Rezak, R. 1957. Stromatolites of the belt series in the Glacier 
National Park and vicinity, U.S.G.S. Prof. Paper 294,D, 
pp. 127-154. 
Ringwood, A.E. 1955a. The principles governing trace elements 
distribution during megmatic recrystallization. Part I, 
The influence of electronegativity. Geochim. et Cosmochim. 
Acta, v. 7, pp. 189-202. 
Ringwood, A.E. 1956. Melting relation of Ni-Mg Olivines and some 
geochemical implication. Geochim. et Cosmochim. Acta, 
v. 10, pp. 297-303. 
Riviere, A. 1941. Sur la Sedimentation phosphatic en milieu 
marine, cited in Bromby, R.G. Marine phosphorites as 
depth indicators. Marine Geology, v. 5, No. 5/6, pp.503-509. 
Romo, L.A. 1954. Synthesis of carbonate apatites. Jour. Amer. 
Chem. Soc, v. 76, pp. 723-748. 
Ronov, A.B. and Korzina, 1960. Phosphorus in sedimentary rocks. 
Geochemistry (Eng. Trans.), v. 8, pp. 805-829. 
Rooney, T.P. and Kerr, P.F. 1967. Mineralogic nature and origin 
of phosphorite, Beaufort Country, North Carolina, 
Geoi. Soc. Amer. Bull., v.78, pp. 731-748. 
Runnels, R.T. and Schleicher, J.A. 1956. Chemical composition of 
Eastern Kansas limestone. Geol. Surv. Kansas Bull, v. 119, 
No. 3, pp. 81-103. 
Russell, R.T. and Trueman, N.A. 1971. The geology of the Duchess 
phosphate deposits. Northwestern Queensland,Australia. Eco. 
Geol. V. 66,pp.1186-1214. 
Saager, R. and Esselaar, P.A. 1969. Factor analysis of Geochemical 
data from the Basal Reef, Orange Free State Goldfield, South 
Africa. Econ.Geol., v. 64, No. 4, pp. 445-451. 
Salops, L.I. 1968. Precambrians of U.S.S.R., 23rd Int. Geol. Cong., 
Part. 4, pp. 61-73. 
Sandell, E.B., Hey, M.H. and McConnell, D. 1939. The composition 
of francolite. Mineral. Mag., v. 25, pp. 395-401. 
Sandell,E.B. and Goldich, S.S. 1943. The Rarer metallic consti-
tuents of some American Igneous rocks. Pt. 1, Jour. 
Geology, v. 51, No. 2, pp. 99-115. 
Sarkar, S.N., Polkanov, A.A., Gerling, E.K. and Chukrov, F.V. 
1964a. Precambrian geochccmology of Peninsular India, a 
synopsis. Sci. & Cult., v. 30, pp. 527-537. 
214 
Sarkar, S.N., Polkanov, A.A., Gerling, E.K. and Chukrov, F.V. 
1964b. Pre-Cambrian geochronology of Peninsular India. 
Rept. 22nd Internat. Geol. Congr., Sec. 10, pp. 102-130. 
Sarkar, S.N. 1968. Precambrian stratigraphy and geochronology of 
Peninsular India (Report to the subcommission on Pre-
cambrian Stratigraphy), Dhanbad, Publ., pp. 1-33. 
Schopf, J.W. 1968. Microflora of the Bitter springs formation 
Late Precambrian, Central Australia. Jour. Paleonto./ 
v. 42, pp. 651-688. 
Semikhatov, M.A. 1960. On the vertical distribution of stromato-
lites in the Ripheans of Turukhansk region. Dokl. Acad. 
Nauk. SSSR, v. 135, pp. 1480-1483. 
Serebryakov, S.N. and Semikhatov, M.A. 1974. Riphean and recent 
stromatolite a comparison. Am. Jour.Sci., v. 274, 
pp. 556-574. 
Sethi, M.L. 1969. Rock phosphate deposit of Udaipur, Fertilizer 
News, v. 14, No. 9, pp. 41-47. 
Shapiro, L. and Brannock, W.W. 1962. Rapid analysis of silicate, 
carbonate and phosphate rocks. U.S.G.S. Prof. Paper 1144-A, 
pp. A1-A56. 
Shaw, D.M. 1953. The camouflage principle and trace elements 
distribution in magmatic minerals. Jour.Geology, v. 61. 
pp. 142-151. 
Shaw, D.M. 1957. The geochemistry of Gallium, Indium,Thallium, 
A Review. In: Physics and Chemistry of the Earth, v. 2, 
pp. 164-211, London, New York. 
Sheldon, R.P. 1959. Geochemistry of Urainum in phosphorites and 
black shales of the Phosphoria formation. U.S.G.S. Bull, 
1084-D, pp. 83-113. 
Sheldon, R.P. 1964. Paleolatitudinal and paleogeographic distri-
bution of phosphorite. U.S.G.S. Prof. Paper No. 501-C, 
pp. 106-113. 
Shrivastava, S.B.L. and Dwivedi,C.S. 1975. Investigation report of 
rock phosphate deposits of Jhamarkotra (District Udaipur, 
for the year 1974), Govt, of Rajasthan, Department of Mines 
and Geology, Udaipur. 
Singh, J.N. and Bafna, P.C. 1977. Report on the exploration of 
Jhamarkotra Phosphorite deposit, district Udaipur, Rajasthan, 
Dept. of Mines and Geology, Govt, of Rajasthan. 
215 
Singh, R. 1969. A b r i e f no t e on t h e occurrence and p e t r o -
g e n e t i c c h a r a c t e r s of phosphate rocks i n P i t h o r a g a r h 
d i s t r i c t , U . P . , J o u r . Mines. Metal F u e l s , v . 17, No.8 , 
pp . 73-74. 
Smirnov, A . I . , 1959. Novye dannye po elementaromu sos tavu 
f o s f o r i t o v basse ina kara-Tau (New d a t a on t h e e lemental 
composit ion of phosphor i t e s from Kara- tau Basin) DAN, 
SSSR, v .125 , pp . 177-180. 
S o l l a s , W.J. 1873. On t h e c o p r o l i t e s of t h e upper Reensand. 
Quar t . J o u r . Geol. Soc. London, v . 2 9 , pp . 76-79. 
Solodov, N . A . 1961. Glavnye promyshlennye t i p y redkometal 'uykh 
pegmati tov ( P r i n c i p a l economic types of r a r e me ta l s 
pegmat i tes ) Trudy IMGRE AN S.S.S.R. No.5 , pp. 43-79 . 
Spearman, C. 1904. General i n t e l l i g e n c e , o b j e c t i v e l y determined 
and measured. Am. J o u r . Psychology, 15 , pp. 201-293. 
S r i k a n t a n , B . , San t , v.N. and Sharma, S.B. 1969. Geology and 
p re l imina ry assessment of t h e Birmania phosphor i t e 
d e p o s i t . J a i s e l m e r d i s t r i c t , Ra jas than . J o u r . Mines 
Metals and Fue l s , v . 1 7 , pp . 335-339. 
S t rakhov, N.M., Zalmanzon, E .S . and Glagoieva, M.A. 1959. Notes 
on t h e geochemistry of Upper Pa leozo ic sediments of 
t h e humid types (Experience in Facies-Geochemical i n v e s -
t i g a t i o n ) , Trudy IGN AN SSSR, No.23, pp. 1-223. 
S t rock , L.W. 1936. Zur Geochemie des l i t h i u m s . Nachr. Ges. 
Wiss. Got t ingen , Math. Phy. K I , , Fachgr. IV, Neue Folge , 
Bd. 1 , No. 15 , pp. 171-204. 
Subramanian, V. 1976a. Experimental model l ing of i n t e r - e l e m e n t a l 
r e l a t i o n s h i p in n a t u r a l m a t e r i a l s . Can. Min., v . 14, 
p p . 32-39. 
Subramanian, V. 1976b. Water chemist ry of S t . Lawrence E s t u a r y , 
J o u r . Hydrology, v . 2 7 , pp. 341-355. 
Synder, J . I . 1959. D i s t r i b u t i o n of c e r t a i n e lements i n t h e 
Duluth Complex. Geochim. et.Cosmochim. Acta , v . 16, 
No. 4 , pp. 243-277. 
Tauson, L.V. and Kravchenko, L.A. 1956. C h a r a c t e r i s t i c s of Pb 
and Zn d i s t r i b u t i o n in mine ra l s of Caledonian g r a n i t o i d s 
of t h e Susanyr b a t h o l i t h i n C e n t r a l Tian-Shan, Geokhimiya, 
No.8, pp. 819-824. 
216 
Tay lo r , S.R. 1965. The a p p l i c a t i o n of Trace element d a t a t o 
problems i n p e t r o l o g y . In Physics and Chemistry of t h e 
Earth ( e d i t o r s L.H. Ahrens, F. P r e s s , S.K. Runcorn and 
H.c . Urey) , v . 6 , Pergamon. 
Thewlis , J . , Glock, G.E. and Murray, M.M. 1939. Chemical and 
>C-ray a n a l y s i s d e n t a l , minera l and s y n t h e t i c a p a t i t e s . 
Trans . Faraday S o c . , v . 35 , p . 358. 
Thompson, M.E. 1953. D i s t r i b u t i o n of uranium in r i c h phosphate 
beds of t h e phosphoria formation. U.S.G.S. Bu l l . 988-D, 
pp. 345- 367. 
Thompson, M.E.1954. Fur ther s t u d i e s of t h e d i s t r i b u t i o n of 
Uranium in r i c h phosphate beds of t h e Phosphoria formation. 
U.S.G.S. Bu l l . 1009-D, pp. D107-D123. 
Thurs tone , L.I*. 1931. Mul t ip le f a c t o r a n a l y s i s . Psych. Rev. , 38 , 
pp . 406-427. 
Tooms, J . S . , Summerhayes, C.P. and Cronan, D.S. 1969. Geochemistry 
of marine phosphate and manganese d e p o s i t s . Oceanogr. 
Mar. B io l . Ann. Rev. , v . 7 , pp . 49-100. 
T o u r t e l o t , H.A. 1964. Minor element composition and o rgan ic 
carbon con ten t of marine and non-marine sha l e s of l a t e 
Cretaceous age in t h e western i n t e r i o r of t h e United 
S t a t e s . Geochim. e t Cosmochin. Acta . / v . 28, pp . 1579-1604. 
Trompette , R. 1969. Les s t r a m a t o l i t e du "Pre Cambrian Super ieur" 
de 1 Adrar de Mauri tauic Saraha occ iden ta l .Sed imento logy . 
v . 13, No. 1-2, pp. 123-154. 
Trueman, N.A. 1971. A p e t r o l o g i c a l s tudy of some sedimentary 
phosphor i t e d e p o s i t s . Bul l , Aus t r a l i an Mineral Development 
L a b o r a t o r i e s , No. 1 1 . 
Tuddenham, W.M. and Lyon, R . J . P . 1960. I n f r a - r e d t echn iques i n 
t h e i d e n t i f i c a t i o n and measurement of m i n e r a l s , Anal. 
Chem., v . 32/ pp . 1630-1634. 
V a l d i / a , K . S . 1969. S t r o m a t o l i t e s of t h e l e s s e r Himalayan 
ca rbona te formations and t h e Vindhyan. J o u r . Geol. Soc. 
I n d . , v . 10, No. 1, pp. 1-25. 
Vald iya , K.S. Origin of phosphor i t e of t h e l a t e Precambrian 
Gangolihat dolomites of P i t h o r a g a r h , Kumaon, Himalaya, 
I n d i a . Sedimentology, v . 19, pp. 115-128. 
Van. Ingen, G. 1915. Organic o r i g i n of some minera l d e p o s i t s i n 
u n a l t e r e d Pa leozo ic sediments ( A b s t r . ) , Bu l l .Geo l . Soc. 
Amer., v . 26, pp . 85-86. 
217 
Van Ingen, G. and Phillips, A.H. 1915. Examination of marine 
organisms to determine their capacity for storing and 
accumulating metals. Carneg. Inst. Wash., Year Book, 14, 
pp.193-194. 
Verma, K.K. 1978. Mineral deposits related to stromatolites. Proc. 
Workshop on Stamatolites, January 9-12, 1978. Udaipur, 
Rajasthan. 
Verma, K.K. and Barman, G. 1975. On the origin of phosphorite in 
the Aravalli rocks of Rajasthan,India. Sem. Recent Advances 
in Precamb. Geol. and Mineral Deposits with special reference 
to Rajasthan, Udaipur, November 1975, 4, pp. 43-45 (Abstr.). 
Vinogradov, A.P. 1953. The elementary chemical composition of 
marine organisms (translation), Yale Univ. Press, New Haven. 
Vinogradov, A.P., Tugarinov, A.I., Zhykov, C., Stapnikova, N., 
Bibikova, E. and Khorre, K., 1964. Geochronology of the 
Indian Precambrian. Rept. 22nd Internat. Geol. Congr., 
Sec. 10, pp. 553-567. 
Vogt, J.H.L., 1918. Die Sulfide: Silikatschmelzlosungen. I. Die 
Sulfidschmelzen und die sulfid: Silikatschmelzen-
Videnskapssels Kapets Skrifter I. Mat. Naturv. Klasse, No.I. 
Vogt, J.H.L. 1923. Nickel in igneous rocks. Eco. Geol., v.18, p.307. 
Wager, L.R. and Mitchell, R.I*. 1951. The distribution of trace 
elements during strong fractionation of basic magma. A 
further study of the Skaergaard intrusion East Greenland. 
Geochim. et. Cosmochim. Acta, v. 1, pp. 129-208. 
Walcott, C.D. 1914. Precambrian Algonkian algal flora, Smithsonian 
Misc., v. 64, pp. 77-156. 
Washington, H.S. 1913. The distribution of elements in igneous 
rocks, Ore deposits, Am. Inst. Min. Met. Engg. 
Wedepohol, K.H. 1970. Hand book of Geochemistry, Springer-Verlag. 
Berlin, Heidelberg, New York, v. II/2, No. 15. 
Young, R.B. 1935. A comparison of certain stromatolitic rocks in 
the dolomite series of South Arfica with marin algal 
sediments in the Bahamas. Geol. Soc. South Africa Trans., 
v. 37, pp. 153-162. 
EXPLANATION OF PLATES 
Field and Hand Specimen Photography 
PLATE I 
Fig. 1 Calcareous quartzite showing pseudomorphs of pyrite 
(west of Dakan Kotra). 
Fig. 2 A section of phyllites at right angles to the wall face 
showing foliations (west of Dakan Kotra). 
PLATE II 
Fig. 1 An outcrop of dolomitic marble with enclosed phosphatic 
bands (dark) showing two sets of joints (north-west of 
Dakan Kotra). 
Fig. 2 An outcrop of calcareous quartzite with intercalations 
of phyllites showing an overturned anticlinal fold. 
Fanning of the cleavages is distinct in the lower portion 
(west of Dakan Kotra). 
PLATE III 
Fig. 1 Columnar algal stromatolitic phosphorite (Baicalica 
and Minjariasp.) (central part of Dakan Kotra). 
Fig. 2 Laminated algal stromatolitic (Collenia sp.) phosphorite 
(dark) with barren dolomite (light) (south-west of 
Dakan Kotra). 
Fig. 3 Fragmentary stromatolitic phosphorite (dark) embedded 
in cherty, quartzose matrix (white) (central part of 
Matoon). 
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PLATE IV 
Fig. 1 Rounded to subrounded grains and pellets of collophane 
(dark) set in a cherty quartzose matrix (south-east of 
Matoon). 
Fig. 2 Disseminated nodules of collophane (dark) embedded in a 
quartzose matrix (central part of the phosphorite 
horizon of Matoon). 
Fig. 3 Enlarged view of one phosphatic nodule separated from 
quartzose matrix (central part of Matoon). 
PLATE V 
Fig. 1 Collophane pellets (dark black) set in a dolomitic 
groundmass (north of Dakan Kotra). 
Fig. 2 Algal stromatolite, Collenia columnaris, associated 
with dolomite (east of Dakan Kotra). 
Fig. 3 A well defined column of Collenia baicalica (north of 
Matoon). 
PLATE VI 
Fig. 1 A colony of Collenia kusiensis (central part of Dakan 
Kotra). 
Fig. 2 A colony of Baicalica prima (central part of Dakan 
Kotra). 
Fig. 3 A colony of Baicalica prima and Minjaria species 
(central part of Dakan Kotra). 
PLATE VII 
Fig. 1 Polished surface of a hand specimen of Collenia 
symmetrica (Matoon village). 
Fig . 2 Minjar ia c a l c e o l a t a colony showing t h e n a t u r e of 
column wal l (nor th-west of Dakan K o t r a ) . 
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Fig. 3 Weedia walcott in dolomitic limestone (south of 
Dakan Kotra). 
Photomicrographs of Thin Sections 
PLATE VIII 
Fig. 1 Granular francolite embedded in a fine-grained cherty 
and calcareous groundmass (crossed nicols, X 75). 
Fig. 2 Phosphoritic algal structure occurring in cherty and 
calcareous materials (crossed nicol, X 30). 
Fig. 3 Size variation in the fragments of phosphoritic algal 
structure (light) embedded in a fine grained cherty and 
quartzose matrix (X 30). 
Fig. 4 Angular fragments of francolite set in a matrix of 
fine-grained cherty and quartzose material (X 30). 
PLATE IX 
Fig. 1 Francolite and collophane (darker shades) bordering a 
geode of quartz (X 30). 
Fig. 2 A lenticular phosphatic pellet (dark) with inclusion of 
quartz enclosed in a fine-grained calcareous material 
(X 30). 
Fig. 3 Phosphatic ovules showing francolite (light) and 
collophane (dark) embedded in a fine calcareous matrix 
(X 75). -
Fig. 4 Phosphatic ovules showing enclosness of francolite 
(light) and collophane (dark)setin calcareous matrix 
(X 75). 
PLATE X 
Fig. 1 Elliptical to wedge-shaped fragments of algal stromato-
litic phosphorite (dark) showing collophane (dark), 
francolite (light) and dahllite rim, embedded in a 
crystalline carbonate rock(X 30). 
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Fig. 2 A collophane pellet (dark) with dahllite rim around 
v(light) set in a carbonate matrix (X 75). A 
Fig. 3 Collophane pellets (dark) partially replaced by 
calcite (light) (X 75). 
Fig. 4 An algal stromatolite, Collenia symmetrica/ showing 
collophane (dark) in a groundmass of calcite and fine-
grained quartz (X 75). 
PLATE XI 
Fig. 1 An algal stromatolite, Minjaria species (dark), embedded 
in a calcareous (light) matrix (X 30). 
Fig. 2 Fine-grained recrystallised quartz and chert (light) 
surrounding the granular francolite (grey) and 
collophane (dark) (X 30). 
Fig. 3 Collophane (dark) showing inclusion of quartz (crossed 
nicol, X 75). 
Fig. 4 An euhedral grain of quartz associated with dolomite 
(crossed nicol, X 75). 
PLATE XII 
Fig. 1 An ovule of fine-grained francolite and collophane 
(dark) arranged concentrically (left), and a thin band 
of collophane in calcite (right) (X 75). 
Fig. 2 Association of phosphatic and carbonate minerals with 
fine-grained chert in a geode (X 75). 
Fig. 3 Quartz, plagioclase and muscovite in phosphorite. 
Quartz showing inclusion of tourmaline, zircon and 
apatite (crossed nicol, X 75). 
Fig. 4 A hypidiomorphic crystal of rutile in phyllites (X 100). 
PLATE XIII 
Fig. 1 A pseudo-octahedral c rys ta l of anatase separated from 
dolomitic marble (X 100). 
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Fig. 2 A tabular crystal of zoisite separated from phosphatic 
dolomite (x 100). 
Fig. 3 A mosaic of calcite showing two sets of intersecting 
cleavages (X 75). 
Fig. 4 Coarsly crystalline phosphatic dolomite showing partial 
replacement of dolomite by fine-grained collophane 
(crossed nicol, X75). 
PLATE XIV 
Fig. 1 Dolomitic marble showing authigenic quartz replacing 
calcite (crossed nicol, X 75). 
Fig. 2 Fine grained dolomitic marble showing a vein of quartz 
(crossed nicol, X 75). 
Fig. 3 Orthoquartzite showing common quartz distinguished by 
their clear appearance and also having inclusions of 
apatite (crossed nicol, X 75). 
Fig. 4 Polycrystalline "stretched metamorphie" quartz grains 
showing elongated and lensoid subindividuals with 
sutured boundaries and undulose extinction (crossed 
nicol, X 75). 
PLATE XV 
Fig. 1 Polycrystalline "reworked" quartz grain showing abraded 
overgrowth of an earlier cycle (crossed nicol, X 75). 
Fig. 2 Polycrystalline recrystallised quartz with chert, mica, 
tourmaline and apatite (crossed nicol, X 75). 
Fig. 3 Eye shaped quartz (pressure shadow) showing inclusion 
of carbonates and apatite in phyllites (crossed nicol, 
X 75). 
Fig. 4 Phyllites showing a porphyroblast of quartz, muscovite 
and chlorite (crossed nicol, X 75). 
PLATE XVI 
Fig. 1 Phyllites showing elongation of quartz parallel to the 
schistosity direction (crossed nicols, X 75). 
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Fig. 2 Carbonaceous phyllite showing microfold and slip 
cleavages (crossed nicol, X 75). 
Fig. 3 Inclusion of quartz and tourmaline in chlorite (>C 75). 
Fig. 4 Phyllites showing subhedral grains of plagioclase 
with quartz, muscovite and chlorite (crossed nicols, 
X 75). 
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T a b l e XVII ( C o n t d . ) 
S.No. CaO/P„0 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
34 
35 
40 
41 
42 
43 
47 
48 
49 
1.83 
1.50 
1.37 
1.37 
1.38 
1.33 
1.46 
1.10 
1.10 
1.56 
1.59 
1.45 
4.15 
1.22 
1.10 
1.06 
1.30 
1.57 
1.65 
C V P 2°5 F/P2°5 
0.35 
0.17 
0.13 
0.14 
0.18 
0.16 
0.19 
0.04 
0.11 
0.21 
0.11 
0.15 
0.83 
0.14 
0.08 
0.12 
0.26 
0.33 
0.26 
0.14 
0.07 
0.04 
0.04 
-
0.02 
-
-
-
0.09 
0.04 
0.04 
0.12 
0.04 
-
-
0.08 
0.10 
0.07 
F e / P 2 0 5 CaO/MgO 
4.48x10 J 
0.11 
0.04 
0.17 
0.06 
-
0.03 
0.03 
0.03 
0.07 
0.05 
0.05 
0.56 
0.11 
0.06 
0.05 
0.11 
0.13 
0.27 
87.08 
76.63 
99.90 
41.11 
37.38 
680.83 
41.11 
25.38 
29.02 
359.60 
40.66 
245.37 
10.16 
921.50 
99.90 
82.83 
30.69 
30.62 
21.65 
ri\v3L3 CVII1 
s i o ^ a ^ , .-igo/,a2o3/ K2O/.*I2O3 , se2o3/.a2o2, <a2o.yrio2 
and . 4 i / / e r a t i o s f o r Jakan X o t r a iJnos j h o r i t e s 
i i .Ko. d i 0 2 / . i l 2 0 3 . : g O / ^ l 2 0 3 K 2 O / / A 1 2 0 3 ? e , 0 3 / n l 0 3 AI_0,/TiO : i i / j1e 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
20 .80 
15 .62 
3 .86 
8 2 . 7 8 
4 4 . o l 
5.09 
-
9 . 8 3 
5 .51 
-
28.43 
10 .56 
4 9 . 7 5 
25 .62 
31 .17 
-
38 .17 
. 1 . 0 2 
0 .85 
0 .68 
25 .50 
16 .68 
£ .35 
0 . 0 5 
0 .08 
-
0 . 2 8 
0 .19 
0 .07 
20 .91 0 . 1 1 
13 .84 
28.86 
17 .83 
25 .65 
28.07 
3 3 . 4 0 
3.17 
-
0 .15 
0 .15 
0 .17 
0 .22 - 0 .06 
0 .52 - 0 . 0 8 
0 .22 - 0 . 1 0 
0 .19 - 0 .33 
11 .43 
- 0 . 2 0 
0 .17 - 0 .33 
0 .15 - 0 . 5 0 
0 .05 1 0 . 1 0 1.50 
0 .13 5 .00 0 .75 
16.44 0 . 1 1 
TABLE XI-C 
KnO/CaO, Na20/K O, C ° 2 / H 
f o r Dakan K o t r a ] 
S.No. MnO/CaO iJa,0/K 0 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
2.46xl0~* 
1.3xlO"3 
7.46xl0"4 
9.76X10"4 
4.93xl0~4 
5.75x10"4 
8.84xl0~4 
1.46xl0"3 
1.02X10"3 
4.63xl0~4 
6.37xl0"4 
8.29X10"4 
1.03xlO~3 
8.51xl0~4 
7.86xl0~4 
5.l3xlO~4 
4.15xl0"4 
22.50 
7.70 
-
2.90 
15.00 
8.09 
8.30 
11.11 
-
-
21.67 
-
0.17 
1.33 
1.80 
13.86 
48.00 
0, HO/CO and F/H 0 r a t i o s 
C 0 2 / H 2 ° H 2 0 / C ° 2 F / H 2 ° 
142.18 
18.91 
33.79 
21.10 
6,48 
6.11 
6.15 
4.78 
9.22 
4.22 
4.23 
3.38 
3.48 
3.78 
3.38 
17.68 
3.69 
7.03x10"° 
0.05 
0.03 
0.05 
0.15 
0.16 
0.16 
0.21 
0.11 
0.24 
0.24 
0.30: 
0.29 
0.27 
0.30 
0.06 
0.27 
5.06 
0.71 
1.61 
0.71 
-
0.21 
0.20 
0.19 
0.59 
0.22 
0.15 
0.12 
0.12 
0.14 
0.13 
0.71 
0.14 
C a O / P 2 0 5 , C 0 2 / P 2 0 5 / J V P 2 0 5 / F e / P ^ and CaO/MgO 
R a t i o s f o r Jakan K o t r a P h o s p h o r i t e s 
S . i lo . CaO/x-205 C°/V205 F / p 2 ° 5 F e / P 2 ° 5 C a 0 / 1 ' I < 3° 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
2.69 
3 . 1 8 
1.71 
2 .26 
2 .02 
2 .79 
3 .57 
5 .33 
3 .99 
1.95 
2 . 7 1 
3 .19 
2 .84 
2 .47 
3 .06 
1.80 
2 .14 
1.60 
2 .15 
1.09 
1.27 
0 .79 
1.96 
2 .47 
5 .85 
5 .08 
0 .59 
2 .32 
2 .15 
2 .15 
1.41 
1.70 
0 .84 
0 .57 
0.06 
0 .08 
0 .05 
0 .04 
0 .07 
0.08 
0 .24 
0 .32 
0.03 
0 .08 
0 .07 
0.07 
0 .05 
0 .06 
0.03 
0 .02 
0 . 0 1 
0 .05 
0 . 0 1 
2.99x10 ' 
0 . 0 2 
5 . 1 8 x l 0 ~ 3 
5.85xlO"*3 
1 . 4 x l 0 " 3 
3.21X10""3 
51.47 
3 8 . 4 1 
45 .16 
1 1 . 4 8 
7 . 8 5 
2 .60 
2.37 
1.55 
2 .59 
6 . 4 0 
3 . 1 1 
3 .03 
2 .84 
3 .14 
3 . 8 1 
2 2 . 1 5 
1 6 . 6 3 
TABLE XVI 
Mn/Fe, Mn/CaO, N a ^ / J ^ O , CO^P^O, H 2 0 /C0 2 and F/H 2 0 R a t i o s 
f o r Matoon P h o s p h o r i t e / U d a i p u r , R a j a s t h a n . 
S .No. Mn/Fe Mn/CaO Ha2Q/K2o C O / ^ 0 H 2 ° / C ° 2 F / H 2 ° 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
20 
21 
22 
0.04 
0.06 
-
-
0.04 
0.01 
0.04 
0.03 
0.02 
0.10 
0.02 
0.15 
1.87 
0.03 
0.10 
0.03 
0.15 
0.19 
- -
1.25 
0.17 
0.61 
7.48xl0~4 
8.53X10"4 
3.46X10"3 
7.95xlO~4 
2.46xl0~3 
4.67xl0"3 
2.47xl0"3 
8.03X10"4 
4.78x10"3 
5.46x10"4 
1.98X10"3 
0.03 
1.72X10"3 
6.20X10"3 
8.72X10"4 
0.01 
0.01 
0.02 
0.04 
3.85xl0"3 
2.87 
10.57 
-
-
-
2.91 
-
9.57 
-
5.29 
-
-
8.43 
6.56 
-
-
0.53 
5.67 
8.57 
9.57 
13.43 
2.45 
5.16 
27.09 
2.10 
18.04 
4.13 
5.03 
1.83 
4.65 
6.85 
8.62 
2.61 
1.76 
4.71 
2.28 
14.1 
2.90 
4.06 
3.40 
6.56 
6.81 
0.41 
0.19 
0.04 
0.48 
0.06 
0.24 
0.20 
0.55 
0.22 
0.15 
0.12 
0.38 
0.57 
0.21 
0.41 
0.07 
0.35 
0.25 
0.28 
0,15 
0.15 
1.11 
2.60 
10.69 
0.63 
3.69 
0.92 , 
1.26 
1.17 
1.14 
2.83 
3.17 
1.24 
0.63 
1.37 
0.80 
5.63 
0.95 
1.05 
1.04 
1.82 
2.48 
(Contd.) 
TABLE XVI ( C o n t d . ) 
S .No. Mn/Fe Mn/CaO 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
34 
35 
40 
41 
42 
43 
47 
48 
49 
0.55 
0.17 
0.20 
0.07 
0.07 
4.56 
0.12 
3.37 
0.24 
0.17 
0.18 
0.27 
9.78x10" 
0.04 
0.08 
0.03 
0.02 
0.05 
0.04 
0.02 
5.88xlO~3 
5.72xlO~3 
9.20xl0~3 
3.38xlO"3 
0.08 
2.40xl0~3 
0.09 
5.41xlO~3 
6.95xl0~3 
5.9 5x10""3 
8.79xl0~3 
"
3
 1.33x10" 
4.07xl0"3 
3.87x10"3 
1.39X10"3 
2.24X10"3 
4.24xlO"3 
6.59xlO"3 
a 2 0 / K 2 ° C 0 2 / H 2 ° H 2 0 / C 0 2 F / H 2 ° 
14.86 
0.67 
5.71 
0.75 
5.43 
21.14 
8.82 
17.29 
6.14 
9.86 
4.71 
9.86 
-
-
-
8.71 
1.34 
1.98 
mm 
9.23 
2.13 
3.77 
1.39 
5.27 
5.32 
4.49 
1.14 
4.72 
2.47 
2.77 
4.92 
2.49 
2.59 
4.33 
5.88 
4.32 
3.28 
3.59 
0.11 
0.47 
0.27 
0.72 
0.19 
0.19 
0.22 
0.87 
0.21 
0.40 
0.36 
0.20 
0.40 
0.39 
0.23 
0.17 
0.23 
0.31 
0.29 
3.67 
0.93 
1.19 
0.44 
-
0.86 
-
-
-
1.07 
0.92 
1.25 
0.35 
0.67 
-
-
1.42 
1.01 
0.95 
TABLE XVII 
C a O / P 2 0 5 / C O ^ P ^ , F / P 2 0 5 , F e / P 2 0 5 and CaO/MgO R a t i o s f o r 
Matoon P h o s p h o r i t e ^ U d a i p u r , R a j a s t h a n . 
S.No. CaO/P 2 0 5 C 0 2 / P 2 0 5 F/p2°5 F e / P 2 ° 5 caO/MgO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
20 
21 
22 
2 . 1 1 
1.38 
1.39 
1.64 
1.57 
1.83 
1.76 
1.71 
1.66 
1.70 
1.61 
1.71 
1.80 
1.79 
1.80 
1.82 
1.70 
1.68 
1.86 
1.72 
1.72 
0 . 5 8 
0 .13 
0 .24 
0 .16 
0 .17 
0 . 2 5 
0 .44 
0 .13 
0 .32 
0 .32 
0 .22 
0 .12 
0 .13 
0 . 1 2 
0 .13 
0 .29 
0 .17 
0 . 1 8 
0 .17 
0 . 2 1 
0 .32 
0 .26 
0 .07 
0 .09 
0 . 0 5 
0 .04 
0 .05 
0 . 1 1 
0 . 0 8 
0 .08 
0 .13 
0 . 0 8 
0 .06 
0 .04 
0 .03 
0 . 0 4 
0 . 1 1 
0 . 0 5 
0 . 0 4 
0 .04 
0 .06 
0 . 1 1 
0 .62 
0 .16 
0 .13 
0 . 1 0 
0 . 1 1 
0 .27 
0 . 1 5 
0 .06 
0 . 0 8 
0 . 0 5 
0 .02 
0 . 0 3 
0 . 1 0 
0 . 1 1 
0 .07 
0 .17 
0 .09 
0 .06 
0 .03 
6 5 . 3 2 
2 4 . 3 0 
2 2 . 5 5 
3 5 . 0 6 
1 3 . 3 8 
18 .26 
59 .44 
3 6 . 5 0 
138 .44 
3 6 . 6 2 
3 9 . 4 1 
6 1 . 0 1 
8 0 . 9 5 
3 1 . 8 7 
8 4 . 0 0 
18 .64 
2 9 7 . 4 0 
6 8 . 7 8 
260 .22 
36 .64 
25 .66 
( C o n t d . ) 
T a b l e XVII ( C o n t d . ) 
S.No. CaO/P 2 0 5 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
34 
35 
40 
41 
42 
43 
47 
48 
49 
1.83 
1.50 
1.37 
1.37 
1.38 
1.33 
1.46 
1.10 
1.10 
1.56 
1.59 
1.45 
4.15 
1.22 
1.10 
1.06 
1.30 
1.57 
1.65 
CVP2°5 F/P2°5 
0.35 
0.17 
0.13 
0.14 
0.18 
0.16 
0.19 
0.04 
0.11 
0.21 
0.11 
0.15 
0.83 
0.14 
0.08 
0.12 
0.26 
0.33 
0.26 
0.14 
0.07 
0.04 
0.04 
-
0.02 
-
-
-
0.09 
0.04 
0.04 
0.12 
0.04 
-
-
0.08 
0.10 
0.07 
F e / P 2 0 5 CaO/MgO 
4.48x10"^ 
0.11 
0.04 
0.17 
0.06 
-
0.03 
0.03 
0.03 
0.07 
0.05 
0.05 
0.56 
0.11 
0.06 
0.05 
0.11 
0.13 
0.27 
87.08 
76.63 
99.90 
41.11 
37.38 
680.83 
41.11 
25.38 
29.02 
359.60 
40.66 
245.37 
10.16 
921.50 
99.90 
82.83 
30.69 
30.62 
21.65 
rCX3L2 .CVIII 
b i O ^ l ^ , . 4 g O / . a 2 0 3 , K 2 0 / . * 1 2 0 3 / j ? e 2 0 3 / . * l 2 0 3 / . \ l 2 0 / T i O 
and .-in/Ve r a t i o s f o r Jakan K o t r a P h o s p h o r i t e s 
i i .Ho. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
oio2Aa2o3 
2 0 . 8 0 
1 5 . 6 2 
3 .86 
8 2 . 7 8 
4 4 . 6 1 
5.09 
-
9 . 8 8 
5 .51 
-
28.43 
10 .56 
4 9 . 7 5 
25 .62 
3 1 . 1 / 
-
38 .17 
.lyO/.il 0 3 
. 1 . 0 2 
0 .85 
0 .68 
2 5 . 5 0 
16 .68 
E.35 
-
20 .91 
13 .84 
-
28.86 
17 .83 
25 .65 
28 .07 
3 3 . 4 0 
-
16.44 
K 2 0 /A1 2 0 3 
0 . 0 5 
0 .08 
-
0 .28 
0 . 1 3 
0 .07 
-
0 . 1 1 
-
-
0.17 
-
0 .15 
0 .15 
0 .17 
-
0 . 1 1 
Wd2°3 
0 . 2 2 
0 .52 
0 .22 
-
0 .19 
-
-
-
-
-
0.17 
-
0 .15 
0 .05 
0 .13 
-
— 
. a 2 o 3 / T i o 2 
— 
-
-
-
-
11 .43 
-
-
-
-
-
-
-
1 0 . 1 0 
5 .00 
-
M 
. Jn/Fe 
0 .06 
0 . 0 8 
0 . 1 0 
-
0 .33 
-
0 . 2 0 
-
-
-
0.33 
-
0 .50 
1.50 
0 .75 
-
_ 
TABLE XIX 
KnO/CaO, N a 2 0 / K 2 0 , C O ^ ^ O , H 2 0 / c 0 2 and F/H O r a t i o s 
f o r Dakan K o t r a P h o s p h o r i t e s . 
S.No. MnO/CaO Wa20/K20 C 0 2 / H 2 ° H 2 0 / C 0 2 F / K 2 ° 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
2.46xl0~4 
1.3xlO~3 
7.46xl0"4 
9.76xl0"4 
4.93xl0~4 
5.75xl0~4 
8.84xl0~4 
1.46X10"3 
1.02X10""3 
4.63xl0~4 
6.37xl0~4 
8.29xl0"4 
1.03xl0"3 
8.51xl0~4 
7.86x10"4 
5.13xl0~4 
4.15xl0""4 
22.50 
7.70 
-
2.90 
15.00 
8.09 
8.30 
11.11 
-
-
21.67 
-
0.17 
1.33 
1.80 
13.86 
48.00 
142.18 
18.91 
33.79 
21.10 
6,48 
6.11 
6.15 
4.78 
9.22 
4.22 
4.23 
3.38 
3.48 
3.78 
3.38 
17.68 
3.69 
7.03X10"3 
0.05 
0.03 
0.05 
0.15 
0.16 
0.16 
0.21 
0.11 
0.24 
0.24 
0.30; 
0.29 
0.27 
0.30 
0.06 
0.27 
5.06 
0.71 
1.61 
0.71 
-
0.21 
0.20 
0.19 
0.59 
0.22 
0.15 
0.12 
0.12 
0.14 
0.13 
0.71 
0.14 
T A B L 2 'OC 
: a O / P 2 0 5 / C 0 2 / P 2 0 5 , £/l? 0^, F e / P 2 0 5 and CaO/MgO 
R a t i o s f o r Dakan K o t r a P h o s p h o r i t e s 
S.IIo. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
caoA2o5 
2.69 
3 .18 
1.71 
2 .26 
2 .02 
2 .79 
3 .57 
5 .33 
3 .99 
1.95 
2 . 7 1 
3 .19 
2 .84 
2 .47 
3 .06 
1.80 
2 .14 
C V P 2°5 
1.60 
2 .15 
1.09 
1.27 
0 .79 
1.96 
2 .47 
5 .85 
5 .08 
0 .59 
2 .32 
2 .15 
2 .15 
1.41 
1.70 
0 .84 
0 .57 
F / P 2 0 5 
0.06 
0 .08 
0 . 0 5 
0 .04 
-
0.07 
0 .08 
0 .24 
0 .32 
0 .03 
0 .08 
0 .07 
0 .07 
0 .05 
0 .06 
0 .03 
0 .02 
F e / P 2 0 5 
0 . 0 1 
0 . 0 5 
0 . 0 1 
-
2 . 9 9 x 1 0 " 3 
-
0 . 0 2 
-
-
• 
5 . 1 8 x 1 0 " 3 
-
5 . 8 5 x l O " 3 
1.4X10"3 
3 . 2 l x l 0 ~ 3 
-
mm 
Ca0/Mg0 
51 .47 
3 8 . 4 1 
45 .16 
1 1 . 4 8 
7 . 8 5 
2 . 6 0 
2 .37 
1.55 
2 .59 
6 . 4 0 
3 . 1 1 
3 .03 
2 .84 
3 .14 
3 . 8 1 
22 .15 
16 .63 
TABLE c a 
R e c a l c u l a t e d t o 1 
CaO, MgO and 
S.No. CaO MgO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
20 
21 
6 7 . 4 2 
56 .56 
56 .69 
6 1 . 0 0 
58 .49 
62 .56 
6 3 . 1 8 
6 2 . 0 6 
6 2 . 2 1 
6 1 . 9 7 
6 0 . 8 3 
6 2 . 5 4 
63 .87 
62 .96 
63 .87 
6 2 . 3 9 
6 2 . 9 0 
62 .17 
6 4 . 9 6 
61 .29 
1.03 
2 .33 
2 . 5 1 
1.74 
4 .37 
3 .43 
1.06 
1.70 
0 .45 
1.69 
1.54 
1.02 
0 .79 
1.98 
0 .76 
3 .35 
0 . 2 1 
0 . 9 0 
0 . 2 5 
1.70 
wt.% of t h e bu lk 
0,. i n Matoon Pho; 
P 2 0 5 S.No. 
3 1 . 5 4 
4 1 . 1 1 
4 0 . 8 0 
37 .26 
37 .14 
3 4 . 0 1 
35 .76 
36 .24 
3 7 . 3 4 
36 .34 
37 .63 
36 .43 
3 5 . 3 4 
35 .06 
35 .37 
34 .26 
36 .89 
36 .93 
34 .79 
3 6 . 0 1 
22 
23 
24 
25 
26 
27 
28 
29 
3 0 
3 1 
33. 
34 
35 
4 0 
4 1 
42 
43 
47 
49 
49 
of 
CaO MgO P 0 
6 1 . 8 2 2 . 4 1 35 .77 
6 4 . 2 3 0 . 7 4 35 .03 
6 0 . 9 2 0 .79 3 8 . 2 9 
5 7 . 4 8 0 .57 4 1 . 9 5 
5 7 . 0 1 1.39 4 1 . 6 0 
57 .13 1.53 41 .34 
5 7 . 2 0 0 . 0 8 4 2 . 7 1 
5 8 . 6 0 1.43 39 .97 
51 .37 2 .02 4 6 . 6 0 
51 .57 1.78 46 .67 
6 0 . 9 8 0 .17 3 8 . 8 5 
6 0 . 5 7 1.49 37 .94 
5 9 . 1 8 0 . 2 4 4 0 . 5 8 
7 4 . 6 8 7 . 3 5 17 .97 
4 7 . 0 3 0 .07 52 .90 
52 .19 0 . 5 2 47 .29 
51 .27 0 .62 4 8 . 1 1 
56 .28 1.83 43 .29 
6 0 . 8 7 1.99 38 .66 
6 0 . 9 4 2 .79 3 6 . 7 2 
TABL2 XXII 
Recalculated to 100 wt.'/ of the bulk components of 
CaO, MgO and CO in *«iatoon Phosphorite 
S.No. CaO MgO CO, S.No. CaO MgO CO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
20 
21 
7 7 . 6 5 
8 7 . 8 0 
81 .87 
8 8 . 4 1 
8 4 . 4 1 
8 3 . 9 2 
7 8 . 9 8 
90 .69 
8 3 . 2 5 
81 .96 
86 .07 
9 1 . 8 1 
92 .09 
90 .67 
9 2 . 3 7 
8 2 . 4 1 
90 .29 
88 .74 
91 .36 
86 .74 
1.19 
3 . 6 1 
3 .63 
2 .52 
6 . 3 1 
4 .59 
1.33 
2 .48 
0 . 6 0 
2 .24 
2 .18 
1.50 
1.14 
2 .84 
1.16 
4 . 4 2 
0 .36 
1.29 
0 . 3 5 
2 .37 
21 .16 
8 .59 
1 4 . 5 0 
9 .07 
9 .28 
11 .49 
19 .69 
6 .83 
16 .15 
15 .80 
11 .74 
6 .69 
6 .77 
6 .49 
6 .53 
13 .17 
9 . 4 1 
9 .97 
8 .29 
10 .89 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
33 
34 
35 
40 
4 1 
42 
43 
47 
48 
49 
8 1 . 5 9 
8 3 . 1 1 
8 9 . 2 2 
90 .47 
8 8 . 5 1 
8 5 . 9 6 
8 8 . 8 8 
86 .66 
92 .54 
8 7 . 8 9 
8 7 . 9 0 
91 .04 
90 .29 
76 .97 
89 .57 
92 .37 
88 .64 
8 1 . 2 0 
8 0 . 4 3 
8 2 . 9 0 
3 . 1 8 
0 . 9 5 
1.16 
0 . 9 1 
2 . 1 5 
2 . 3 0 
0 . 1 3 
2 . 1 1 
3 .65 
3 .03 
0 .24 
2 .24 
0 .37 
7 . 4 7 
0 . 1 0 
0 . 9 2 
1.07 
2 .64 
2 .63 
3 . 8 3 
15 .23 
15 .94 
9 . 6 2 
8 .62 
9 .33 
11 .74 
10 .99 
11 .23 
3 .82 
9 . 0 8 
11 .86 
6 . 7 2 
9 .34 
15 .46 
10 .33 
6 . 7 1 
10 .29 
16 .16 
16 .94 
1 3 . 2 7 
TABLE XXIII 
R e c a l c u l a t e d t o 100 wt.% of t h e bu lk components of 
CaO, MgO and S i 0 9 i n aa toon P h o s p h o r i t e 
S . N o . CaO MgO S i O , S . N o . CaO MgO S i O 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
20 
21 
2 2 . 4 3 
6 6 . 6 2 
5 3 . 9 3 
5 9 . 8 5 
6 0 . 9 9 
5 7 . 9 9 
5 3 . 3 7 
6 4 . 1 7 
5 9 . 6 6 
5 6 . 1 5 
5 8 . 0 4 
5 2 . 2 6 
7 8 . 6 0 
5 9 . 0 8 
5 7 . 8 9 
7 5 . 1 3 
4 2 . 5 8 
5 3 . 3 9 
7 4 . 8 4 
5 2 . 9 8 
0 . 3 4 
2 . 7 4 
2 . 3 9 
1 . 7 1 
4 . 5 6 
3 . 1 8 
0 . 9 0 
1 .76 
0 . 4 3 
1 .53 
1 .47 
0 . 8 6 
0 . 9 7 
1 . 8 5 
0 . 6 9 
4 . 0 3 
0 . 1 4 
0 . 7 8 
0 . 2 9 
1 . 4 5 
7 7 . 2 3 
3 0 . 6 4 
4 3 . 6 8 
3 8 . 4 4 
3 4 . 4 5 
3 8 . 8 3 
4 5 . 7 3 
3 4 . 0 7 
3 9 . 9 1 
4 2 . 3 1 
4 0 . 4 9 
4 6 . 8 9 
2 0 . 4 3 
3 9 . 0 7 
4 1 . 4 2 
2 0 . 8 4 
5 7 . 2 7 
4 5 . 8 3 
2 4 . 8 8 
4 5 . 5 7 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
33 
34 
35 
4 0 
4 1 
42 
43 
47 
48 
49 
7 8 . 4 2 
7 9 . 8 7 
6 1 . 1 3 
7 2 . 1 6 
4 9 . 5 9 
5 6 . 2 9 
7 6 . 5 0 
8 3 . 6 9 
7 0 . 2 2 
7 4 . 1 8 
5 8 . 4 6 
5 5 . 2 9 
8 1 . 8 0 
3 9 . 2 2 
5 4 . 8 3 
4 7 . 0 4 
8 3 . 5 8 
7 9 . 0 6 
7 4 . 8 8 
4 6 . 5 3 
3 . 0 6 
0 . 9 2 
0 . 8 0 
0 . 7 2 
1 . 2 1 
1 . 5 1 
0 . 1 1 
2 . 0 4 
2 . 7 7 
2 . 5 6 
0 . 1 6 
1 .36 
0 . 3 3 
3 . 8 6 
5 . 3 9 
0 . 4 7 
1 . 0 1 
2 . 5 8 
2 . 4 4 
2 . 1 5 
1 8 . 5 2 
1 9 . 1 1 
3 8 . 0 7 
2 7 . 1 2 
4 9 . 2 0 
4 2 . 2 0 
2 3 . 3 9 
1 4 . 2 7 
2 7 . 0 1 
2 3 . 2 6 
4 1 . 3 8 
4 3 . 3 5 
1 7 . 8 6 
5 6 . 9 2 
3 9 . 7 8 
5 2 . 4 9 
1 5 . 4 1 
1 8 . 3 6 
2 2 . 6 8 
5 1 . 3 2 
TABLE JGCEV 
R e c a l c u l a t e d t o 
Mgo/CaO, ^>i0„ . 
• .No. 
1 
2 
3 
4 
5 
6 
7 
8 
10 
11 
12 
13 
14 
15 
16 
18 
20 
MgO/CaO 
0.03 
0.21 
0.14 
0.12 
0.32 
0.19 
0.07 
0.13 
0.11 
0.11 
0.06 
0.07 
0.11 
•0.03 
0.38 
0.03 
0.09 
. s±o2 
96.83 
95.84 
99.06 
92.83 
98.61 
95.10 
94.47 
92.68 
96.30 
97.67 
96.92 
86.10 
97.65 
95.82 
95.71 
96.85 
97.73 
100 wt.0 / of t h e b 
nd Ho0+ i n Matoon 
H 20 + 
3.13 
3.95 
0.80 
7.05 
1.06 
4.70 
5.46 
7.19 
3.59 
2.22 
3.02 
13.83 
2.24 
4.15 
3.91 
3.12 
2.17 
S.N 
21 
22 
23 
24 
25 
26 
29 
30 
31 
34 
40 
42 
43 
47 
48 
49 
.Ik components 
P h o s p h o r i t e 
MgO/CaO S i 0 2 H 0 + 
0 .34 89 .29 10 .37 
0 .09 9 1 . 9 2 7 .99 
0 .04 92 .44 7 . 5 2 
0 .06 9 3 . 6 5 6 .29 
0 .06 , 9 2 . 8 3 7 . 1 1 
0 . 1 1 9 6 . 5 5 3 .34 
0 .27 8 5 . 2 9 14 .44 
0 . 2 5 9 1 . 1 3 8 .62 
0 . 2 2 9 3 . 2 7 6 . 8 1 
0 .06 9 6 . 6 5 3 .29 
0 .22 9 4 . 5 2 5.26 
0 .03 9 8 . 4 9 1.48 
0 . 1 1 9 0 . 2 3 9 .66 
0 .27 8 3 . 2 4 16 .49 
0 . 2 0 8 2 . 3 2 1 7 . 4 8 
0 . 1 4 9 5 . 9 8 3 . 8 8 
TABLZ vCCV 
R e c a l c u l a t e d t o 100 w t . % o 
MgO/CaO, S i 0 4 and C 0 2 i n 
S.Ho. MgO/CaO S±0 CO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
20 
21 
0 .03 
0 .18 
0 .12 
0 . 1 1 
0 .27 
0 .17 
0 .06 
0 . 1 2 
0 .03 
0 .09 
0 . 1 0 
0 .06 
0 .06 
0 .10 
0 .03 
0 . 2 5 
0 . 0 1 
0 .03 
0 .05 
0 . 0 9 
9 2 . 6 4 
8 2 . 3 2 
81 .96 
8 6 . 1 3 
83 .47 
8 2 . 6 1 
7 7 . 4 2 
87 .47 
7 7 . 5 0 
7 9 . 5 6 
83 .56 
92 .44 
7 7 . 9 1 
90 .14 
9 0 . 9 8 
6 3 . 2 8 
9 2 . 7 8 
8 8 . 4 0 
7 8 . 5 2 
87 .19 
7 .33 
1 7 . 5 0 
17 .92 
13 .76 
16 .26 
16 .89 
22 .52 
1 2 . 4 0 
22.47 
20 .35 
16 .34 
7 . 5 0 
22 .03 
9 .76 
8 .99 
36 .47 
9 .19 
11 .57 
21 .43 
12 .72 
the bulk components 
Matoon Phosphorite 
S . N o . MgO/CaO S i O CO 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
33 
34 
35 
40 
4 1 
42 
43 
47 
48 
49 
0 . 2 1 
0 . 0 6 
0 . 0 4 
0 . 0 5 
0 . 0 6 
0 . 1 0 
0 . 0 1 
0 . 1 8 
0 . 2 5 
0 . 1 8 
0 . 0 1 
0 . 0 6 
0 . 0 1 
0 . 2 0 
0 . 0 1 
0 . 0 3 
0 . 0 8 
0 . 1 7 
0 . 1 5 
0 . 1 3 
5 5 . 7 2 
5 5 . 4 4 
8 5 . 2 2 
7 9 . 7 3 
9 0 . 3 3 
8 4 . 5 1 
7 1 . 2 1 
5 6 . 7 1 
9 0 . 5 6 
7 5 . 0 7 
8 3 . 9 9 
9 1 . 3 5 
6 7 . 8 6 
8 7 . 6 7 
8 3 . 7 0 
9 3 . 8 6 
6 1 . 3 1 
5 3 . 7 7 
5 8 . 8 9 
8 7 . 2 2 
4 4 . 0 6 
4 4 . 5 0 
1 4 . 7 4 
2 0 . 2 2 
9 . 6 1 
1 5 . 3 9 
2 8 . 7 8 
4 3 . 1 1 
9 . 8 1 
2 4 . 7 5 
1 6 . 0 0 
8 . 5 9 
3 2 . 1 3 
1 2 . 1 3 
1 6 . 2 9 
6 . 1 1 
3 8 . 6 1 
4 6 . 0 6 
4 0 . 9 6 
1 2 . 6 5 
XXVI 
A e c a l c u 
o.do. Wa„0 
1 
2 
3 
4 
5 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
15 
17 
13 
20 
21 
5.11 
1.06 
0.88 
2.06 
2.85 
2.66 
2.60 
1.03 
1.43 
0.65 
1.07 
0.50 
0.80 
0.75 
0.93 
1.76 
0.59 
1.50 
0.83 
1.18 
ed t o 100 wt . f t o f 
a0 a n d P-Oj. i n Ma 
CaO P 0 5 
6 4 . 6 4 3 0 . 2 5 
5 7 . 2 9 4 1 . 6 5 
5 7 . 6 3 4 1 . 4 8 
6 0 . 8 0 3 7 . 1 4 
5 9 . 4 2 3 7 . 7 3 
6 3 . 0 6 3 4 . 2 8 
6 2 . 2 0 3 5 . 2 0 
6 2 . 4 8 3 6 . 4 8 
6 1 . 5 9 3 6 . 9 7 
6 2 . 6 3 3 6 . 7 2 
6 1 . 1 2 3 7 . 8 1 
6 2 . 8 7 3 6 . 6 3 
6 3 . 8 6 3 5 . 3 4 
63 .75 35 .50 
6 3 . 7 6 3 5 . 3 1 
6 3 . 4 2 3 4 . 8 2 
6 2 . 6 6 3 6 . 7 5 
6 1 . 7 9 3 6 . 7 1 
6 4 . 5 9 3 4 . 5 8 
6 2 . 6 1 3 6 . 2 1 
the Bulk Compon* 
oon Phosphorite 
I.NO. 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
34 
35 
40 
41 
42 
43 
47 
48 
49 
Na20 
1.33 
1.62 
0.53 
0.54 
0.75 
0.62 
2.03 
1.52 
1.63 
0.55 
1.16 
0.52 
0.87 
1.84 
1.38 
1.09 
0.73 
1.54 
1.66 
1.73 
s Ua 0 , 
CaO P _ 0 C 
6 2 . 5 1 3 6 . 1 6 
6 3 . 6 6 3 4 . 7 2 
6 1 . 0 7 3 8 . 4 0 
5 7 . 5 0 4 1 . 9 6 
5 7 . 3 7 4 1 . 8 7 
5 7 . 6 6 4 1 . 7 2 
5 6 . 0 9 4 1 . 8 8 
5 8 . 5 4 3 9 . 9 4 
5 1 . 5 8 4 6 . 7 9 
5 2 . 2 1 4 7 . 2 4 
6 0 . 3 8 3 8 . 4 6 
6 1 . 1 6 3 8 . 3 2 
5 8 . 8 0 4 0 . 3 3 
7 9 . 1 2 1 9 . 0 4 
5 4 . 2 0 4 4 . 4 2 
5 1 . 8 9 4 7 . 0 2 
5 1 . 2 2 4 8 . 0 5 
5 5 . 6 5 4 2 . 8 1 
6 0 . 1 4 3 8 . 2 0 
6 1 . 1 5 3 7 . 1 1 
TA3LS VUVII 
R e c a l c u l a t e d t o 100 w t . / . of t h e bu lk components of 
P Oj., F and Co i n riatoon p h o s p h o r i t e 
fc>.Jo. * > 0 C F C 0 o a . U o . P o 0 c F CO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
1 1 
12 
13 
14 
15 
16 
17 
5 4 . 1 4 
8 3 . 1 7 
7 4 . 4 5 
8 2 . 0 9 
8 2 . 7 3 
7 6 . 4 7 
6 4 . 5 0 
8 2 . 5 5 
7 1 . 3 0 
6 8 . 2 8 
7 6 . 8 2 
8 4 . 4 2 
8 4 . 7 3 
8 5 . 7 7 
8 5 . 2 9 
7 1 . 0 5 
8 0 . 8 9 
1 4 . 3 2 
5 . 6 5 
7 . 2 3 
4 . 1 2 
2 . 9 4 
4 . 2 7 
7 . 1 0 
6 . 8 0 
5 . 6 6 
9 . 2 7 
6 . 2 3 
5 . 0 3 
4 . 0 1 
3 . 2 1 
3 . 8 2 
8 . 2 7 
4 . 7 3 
3 1 . 5 4 
1 1 . 1 8 
1 8 . 3 2 
1 3 . 7 9 
1 4 . 3 3 
1 9 . 2 5 
2 8 . 4 0 
1 0 . 6 4 
2 3 . 0 4 
2 2 . 4 4 
1 6 . 9 4 
1 0 . 5 5 
1 1 . 2 5 
1 1 . 0 2 
1 0 . 8 9 
2 0 . 6 8 
1 4 . 3 8 
18 
20 
21 
22 
23 
24 
25 
26 
28 
33 
34 
35 
4 0 
4 1 
47 
48 
49 
8 0 . 7 7 
8 2 . 0 1 
7 8 . 2 8 
6 9 . 4 3 
6 7 . 0 5 
8 0 . 2 2 
8 5 . 3 4 
8 0 . 9 3 
8 3 . 8 6 
7 6 . 7 2 
8 6 . 4 3 
8 4 . 0 9 
5 1 . 2 4 
8 4 . 9 5 
7 4 . 4 4 
6 9 . 7 1 
7 4 . 9 8 
3 . 9 5 
4 . 0 9 
4 . 7 2 
8 . 1 6 
9 . 3 7 
6 . 0 4 
3 . 5 1 
3 . 7 2 
2 . 2 5 
7 . 0 3 
3 . 3 9 
3 . 2 3 
6 . 0 1 
3 . 0 9 
6 . 3 1 
7 . 1 7 
5 . 2 6 
1 5 . 2 7 
1 3 . 9 0 
1 6 . 9 9 
2 2 . 4 1 
2 3 . 5 8 
1 3 . 7 4 
1 1 . 1 5 
1 1 . 7 0 
1 3 . 8 8 
1 6 . 2 4 
1 0 . 1 8 
1 2 . 6 8 
4 2 . 7 5 
1 1 . 9 5 
1 9 . 2 5 
2 3 . 1 2 
1 9 . 7 6 
TA3LE JOCVIII 
R e c a l c u l a t e d t o 100 wt.54 o£ t h e bu lk components of 
1-0 j - / F and H O i n ^a toon P h o s p h o r i t e 
S.No. P o 0 c F H_0+ S.Mo. £> 0C F H 0 + 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
6 6 . 5 5 
9 1 . 4 1 
90 .39 
88 .49 
9 5 . 6 8 
89 .54 
8 3 . 5 0 
8 6 . 7 3 
87 .04 
84 .47 
9 0 . 3 5 
90 .29 
8 9 . 0 4 
93 .96 
9 0 . 8 4 
8 7 . 9 5 
8 9 . 3 0 
9 1 . 2 8 
17 .59 
fa. 21 
8 .78 
4.44 
3 .39 
5 .00 
9 .19 
7 . 1 5 
6 . 9 0 
11 .47 
7 .33 
5 .38 
4 . 2 2 
3 .47 
4 .07 
10 .23 
5 .22 
4 .47 
15 .85 
2 .38 
0 .82 
7 .06 
0 . 9 2 
5 .45 
7 . 3 0 
6 . 1 2 
6 . 0 5 
4 . 0 5 
2 .31 
4 .33 
6 . 7 2 
2 .56 
5 .08 
1.82 
5 .48 
4 . 2 5 
2 0 . 
21 
22 
23 
24 
25 
26 
28 
29 
3 0 
33 
34 
35 
4 0 
41 
47 
4 8 
49 
1 9 . 1 0 
9 1 . 3 7 
8 5 . 8 4 
8 4 . 9 0 
8 6 . 5 1 
9 2 . 9 6 
8 6 . 9 6 
9 4 . 5 1 
8 6 . 7 4 
9 3 . 5 9 
84 .94 
92 .43 
9 3 . 5 3 
6 8 . 8 2 
9 1 . 6 8 
87 .37 
8 3 . 0 5 
8 7 . 4 5 
5 .54 
5 .51 
10 .09 
11 .87 
6 . 5 1 
3 . 8 2 
3 .99 
2 .54 
9 . 5 8 
2 .69 
7 .79 
3 .63 
3 . 6 0 
8 .08 
3 .33 
7 . 4 0 
8 .54 
6 .13 
4 .37 
3 .02 
4 . 0 7 
3 .23 
6 .97 
3 . 2 2 
9 . 0 5 
2 .94 
3 .67 
3 . 7 1 
7 . 2 7 
3 .93 
2 .87 
2 3 . 1 0 
4 . 9 8 
5 .22 
8 . 4 1 
6 . 4 2 
TABLE XXIX 
Reca lcu la ted t o 100 wt./< of t h e bulk components of 
P 0 q / HO and CO in :4atoon Phosphor i te 
S.Wo. P o 0 c H.0+ C0„ 5.No. P o 0 c H n+ CO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
20 
21 
54 .92 
86 .16 
79 .67 
79 .86 
8 4 . 5 4 
7 6 . 1 8 
6 5 . 4 5 
83 .37 
7 1 . 8 1 
7 2 . 6 4 
8 0 . 2 5 
8 5 . 2 5 
82 .77 
8 6 . 5 2 
84 .49 
7 6 . 2 3 
8 0 . 7 0 
8 0 . 9 3 
8 2 . 1 5 
7 9 . 9 9 
1 3 . 0 8 
2 .25 
0 .73 
6 .38 
0 .S1 
4 .64 
5.73 
5 .88 
4 .99 
3 .48 
2 .05 
4 .09 
6 .24 
2.36 
4 .73 
1.57 
4 . 9 5 
3 .77 
3 .93 
2 .65 
31 .99 
11 .59 
1 9 . 6 0 
1 3 . 4 1 
14 .64 
19 .18 
28 .82 
10 .75 
23 .20 
23 .88 
17 .70 
10 .66 
10.99 
11 .12 
10 .78 
22.19 
14 .35 
1 5 . 3 0 
13 .92 
17 .36 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
33 
34 
35 
40 
4 1 
42 
43 
47 
48 
49 
7 2 . 9 8 
7 1 . 9 5 
7 9 . 8 8 
8 5 . 8 2 
80 .09 
81 .66 
8 3 . 5 6 
8 1 . 1 4 
9 2 . 1 5 
8 7 . 8 4 
7 7 . 6 9 
8 6 . 1 8 
8 4 . 6 4 
4 6 . 0 8 
8 3 . 6 8 
9 1 . 0 2 
8 7 . 3 5 
7 5 . 8 4 
6 9 . 7 9 
7 4 . 8 0 
3 .46 
2 .74 
6 .44 
2 .97 
8 .33 
2 .92 
2 .60 
3 .43 
3 .66 
2 .13 
6 . 5 9 
3 .67 
2 . 6 0 
15 .47 
4 . 5 4 
1.68 
1.84 
4 . 5 4 
7 .07 
5.49 
23 .56 
2 5 . 3 1 
1 3 . 6 8 
1 1 . 2 1 
1 1 . 5 8 
15 .42 
13 .84 
1 5 . 4 2 
4 . 1 9 
10 .03 
16 .32 
10 .14 
12 .76 
3 8 . 4 5 
11 .77 
7 .29 
1 0 . 8 1 
19 .62 
23 .14 
1 9 . 7 1 
TABLE XXX 
^ c a l c u l a t e d t o 100 wt.% of t h e bu lk components of 
K 0 , Al 0 and S i o i n Matoon P h o s p h o r i t e s 
S.Wo. K-0 A l - 0 - S i 0 o i>.Ho. K O Al O SiO. 
1 
2 
5 
7 
9 
12 
13 
16 
17 
18 
20 
21 
0.76 
0 .36 
1.76 
0 . 3 0 
0 . 2 5 
0 .53 
0 .26 
1.25 
0 .47 
0 . 4 1 
0 .23 
0 .55 
4 .74 
3 .59 
16 .89 
8 .09 
3 .72 
6 .48 
1.35 
4 . 5 2 
5 .64 
7 .57 
-
1 6 . 6 8 
9 4 . 5 0 
96 .04 
8 1 . 3 4 
9 1 . 6 1 
9 6 . 0 2 
92 .99 
98 .39 
94 .23 
93 .89 
9 2 . 0 2 
99 .77 
82 .76 
22 
23 
24 
25 
26 
27 
28 
30 
32 
33 
47 
0 .56 
1.98 
0 .42 
1.64 
0 .26 
0 . 5 1 
1.26 
0 . 5 4 
0 . 2 2 
0 .59 
8 .08 
20 .44 
3 .49 
4 . 4 1 
4 . 8 0 
-
8 .72 
25 .32 
1.31 
3 .37 
1 3 . 5 8 
0 .97 
7 0 . 0 0 
9 4 . 5 2 
95 .17 
9 3 . 5 5 
9 9 . 7 4 
90 .77 
7 3 . 4 2 
9 8 . 1 5 
9 6 . 4 0 
85 .83 
90 .94 
T A 3 L S COCE 
- c e c a l c u l a t e d t o 100 wt.? ' 
or CaO/i'lgO and P 0 0c i n 
S.No. CaO 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
13 
15 
16 
17 
18 
19 
20 
7 1 . 9 5 
7 4 . 6 2 
6 2 . 3 1 
65 .46 
6 1 . 6 2 
57 .40 
58.77 
54 .52 
6 1 . 1 3 
59 .96 
5 9 . 1 5 
60 .86 
5 8 . 7 1 
58 .02 
6 2 . 9 4 
6 2 . 5 2 
6 5 . 4 9 
of t n e bulk components 
Jakan Xotra phosphor i t e 
Mgo P 2 O 5 
1.40 
1.94 
1.38 
5 .70 
7 . 8 5 
22 .07 
2 4 . 8 1 
35 .26 
23 .57 
9 .37 
19 .03 
2 0 . 1 1 
20.66 
1 8 . 4 8 
16 .52 
2 .82 
3 .94 
26 .65 
23 .43 
3 6 . 3 1 
28 .84 
3 0 . 5 2 
20 .52 
16 .42 
1 0 . 2 2 
1 5 . 3 0 
30 .66 
2 1 . 8 2 
1 9 . 0 3 
20 .64 
2 3 . 5 0 
. 20 .54 
34 .66 
3 0 . 5 7 
TABLE iCOai 
R e c a l c u l a t e d t o 100 wt.% of t h e bu lk components 
of CaO, MgO, and Co i n Jakan K o t r a P h o s p h o r i t e 
i.Mo. 
2 
3 
4 
5 
6 
7 
S 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
CaO 
6 1 . 9 6 
5 S . 8 1 
6 0 . 2 0 
6 0 . 6 6 
6 5 . 7 1 
4 7 . 9 8 
4 7 . 3 4 
3 6 . 4 5 
3 7 . 6 3 
6 8 . 6 1 
4 5 . 8 9 
4 9 . 9 4 
4 7 . 3 9 
5 2 . 9 4 
5 4 . 9 9 
6 6 . 1 4 
7 5 . 2 6 
MgO 
1 . 2 0 
1 .53 
1 .33 
5 . 2 9 
8 . 3 7 
1 8 . 4 5 
1 9 . 9 8 
2 3 . 5 7 
1 4 . 5 1 
1 0 . 7 3 
1 4 . 7 6 
1 6 . 5 0 
1 6 . 6 7 
1 6 . 8 6 
1 4 . 4 3 
2 . 9 8 
4 . 5 3 
C
°2 
3 6 . 8 3 
39 .66 
38 .47 
3 4 . 0 5 
25 .92 
33 .57 
3 2 . 6 8 
3 9 . 9 8 
4 7 . 8 6 
20 .66 
3 9 . 3 5 
3 3 . 5 5 
3 5 . 9 3 
3 0 . 2 0 
3 0 . 5 8 
3 0 . 88 
2 0 . 2 1 
TABLE :COCIII 
Recalculated to 100 wt.% of the bulk components of 
CaO, MgO, and S10„ in Dakan Kotra phosphorite. 
> . i ' o . 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
13 
15 
16 
17 
18 
19 
20 
CCaO 
7 0 . 7 4 
6 6 . 5 8 
8 7 . 1 0 
7 2 . 9 9 
6 8 . 1 1 
6 1 . 7 8 
5 6 . 3 7 
5 1 . 2 2 
6 4 . 9 7 
7 2 . 7 3 
6 1 . 0 3 
6 5 . 5 3 
4 9 . 1 6 
6 2 . 1 4 
6 6 . 3 4 
7 2 . 9 1 
8 3 . 1 6 
MgO 
1 .37 
1 . 7 3 
1 .93 
6 . 3 6 
8 . 6 8 
2 3 . 7 6 
2 3 . 7 9 
3 3 . 1 2 
2 5 . 0 5 
1 1 . 3 7 
1 9 . 6 3 
2 1 . 6 5 
1 7 . 3 0 
1 9 . 7 9 
1 3 . 4 1 
3 . 2 9 
5 . 0 0 
s io 2 
27 .89 
3 1 . 6 9 
10 .97 
20 .65 
2 3 . 21 
14 .46 
19 .84 
15 .66 
9 . 9 8 
1 5 . 9 0 
19 .34 
1 2 . 8 2 
3 3 . 5 4 
18 .07 
16 .25 
23 .79 
11 .84 
?*3L£ XXXIV 
- < e c a l c a l a t e i t o 100 wt.' , ' or t h e bu lk components of 
MgO/CaO, SiO and K20+ i n Dak an K o t r a P h o s p h o r i t e 
. N O . 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
;4g0/Ca0 
0 .12 
0 . 1 5 
0 .34 
0 . 7 0 
0 .79 
3 .04 
2 .60 
4 .23 
4 . 3 5 
1.34 
1.92 
2 .26 
1.32 
2 .00 
1.64 
0 .36 
0 .57 
S i 0 2 
98 .83 
92 .89 
86 .64 
90 .76 
8 4 . 1 8 
6 5 . 1 2 
73 .84 
54 .72 
50.39 
74 .39 
59 .83 
48 .49 
7 4 . 8 1 
64 .06 
58 .84 
92 .17 
6 5 . 8 0 
+ 
H9° 
1.05 
6 .96 
1 3 . 0 1 
8 .54 
1 5 . 0 3 
31 .84 
23 .56 
41 .04 
45 .26 
24 .27 
38 .24 
4 9 . 2 5 
23 .87 
33 .94 
3 9 . 5 2 
7 .46 
3 3 . 6 2 
TA3LiS XX. CV 
Recalculated to 100 wt.% of the bulk const i tuents 
Mgo/CaO/ DiO„ and C0„ in Jakan kotra phosphorites 
• No. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
IlgO/CaO 
0 .05 
0 .07 
0 .07 
0 .26 
0 .43 
1.16 
1.17 
1.66 
0 . 9 2 
0 . 7 5 
0 .86 
1.04 
0 .83 
1.04 
0 .84 
0 .16 
0 . 3 0 
s io 2 
39 .86 
4 1 . 3 5 
16 .45 
3 3 . 4 2 
4 6 . 1 5 
24 .78 
33 .37 
21 .43 
10 .67 
4 1 . 7 5 
26 .75 
2 2 . 3 1 
46 .97 
3 3 . 4 1 
30 .32 
41 .07 
34 .56 
C 0 2 
6 0 . 0 9 
5 8 . 5 8 
8 3 . 4 8 
6 6 . 3 2 
53 .42 
7 4 . 0 6 
6 5 . 4 6 
7 6 . 9 1 
8 8 . 4 1 
5 7 . 5 0 
7 2 . 3 9 
7 6 . 6 5 
5 2 . 2 0 
6 5 . 5 5 
6 8 . 8 4 
58 .77 
6 5 . 1 4 
TASLJS C«VI 
R e c a l c u l a t e d t o 100 \?t.% 
Wao0, CaO and P o 0 c i n 
.No . 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
13 
15 
16 
17 
18 
19 
20 
Na 20 
1.59 
1.50 
1.52 
1.93 
1.46 
1.85 
1.88 
2 .97 
2 . 7 0 
1.42 
0 . 3 0 
0 .19 
0 .03 
0 .16 
0 . 1 8 
1.58 
1.34 
of t h e bu lk components of 
>akan K o t r a P h o s p h o r i t e 
CaO P 2 0 5 
7 1 . 8 1 
74 .96 
6 2 . 2 2 
6 8 . 0 8 
6 5 . 9 0 
7 2 . 3 0 
7 6 . 6 9 
8 1 . 7 1 
7 7 . 8 2 
6 5 . 2 3 
7 2 . 8 4 
76 .03 
7 3 . 9 7 
7 1 . 0 5 
75 .26 
6 3 . 3 2 
67 .27 
2 6 . 6 0 
23 .54 
36 .26 
29 .99 
32 .64 
25 .85 
21 .43 
1 5 . 3 1 
1 9 . 4 8 
3 3 . 3 5 
26 .86 
2 3 . 7 8 
26 .00 
28 .78 
24 .56 
3 5 . 1 0 
3 1 . 3 9 
TA31J':1 .CC-CVII 
Recalculated to 100 wt.% of the bulk components of 
P Oj./ F and CO in Jakan Kotra phosphorite. 
;
.Wo. 
2 
3 
4 
5 
7 
8 
9 
10 
11 
13 
15 
16 
17 
18 
19 
20 
P 0 
*2 5 
37 .56 
30 .97 
46 .53 
43 .16 
33 .07 
28 .15 
1 4 . 1 0 
1 5 . 6 0 
61 .7 4 
29 .32 
3 1 . 0 1 
30 .97 
40 .59 
3 6 . 0 7 
5 3 . 3 1 
6 2 . 6 0 
J? 
2 .15 
2 .52 
2 .44 
1.84 
2 . 2 1 
2 .29 
3 .39 
5 .12 
1.90 
2 .48 
2 .36 
2 .24 
2 .25 
2 .32 
1.80 
1.39 
co2 
6 0 . 2 9 
6 6 . 5 1 
51 .02 
5 5 . 0 0 
6 4 . 7 2 
6 9 . 5 6 
8 2 . 5 1 
7 9 . 2 8 
3 6 . 3 5 
6 8 . 1 9 
66 .63 
6 6 . 7 9 
57 .16 
6 1 . 6 1 
44 .89 
3 6 . 0 1 
?<\3L1 JCGCVIII 
R e c a l c u l a t e d t o 100 wt.% of t h e bu lk components of 
P-0 , - , F and H 0+ i n J a k a n Kot ra P h o s p h o r i t e . 
i . i l o . 
2 
3 
4 
5 
7 
8 
9 
10 
1 1 
13 
15 
16 
17 
18 
19 
20 
P 2 ° 5 
93 .59 
83 .69 
92 .17 
90 .66 
7 2 . 1 0 
6 7 . 4 2 
40 .58 
5 3 , 2 1 
8 5 . 4 5 
6 1 . 2 0 
58 .42 
59 .11 
69 .66 
63 .77 
92 .14 
8 4 . 8 8 
F 
5.34 
6 . 8 0 
4 .84 
3 .87 
4 . 8 1 
5.47 
9 .77 
17 .47 
2 .63 
5 .18 
4 . 4 4 
4 .27 
3 .85 
4 . 0 9 
3 .26 
1.88 
H 20+ 
1.06 
9 . 5 0 
2.99 
5.47 
2 3 . 0 8 
27 .10 
49 .64 
2 9 . 3 1 
11 .92 
3 3 . 6 1 
37 .14 
3 6 . 6 2 
26 .49 
32 .14 
4 . 6 0 
13 .23 
TABLE /LCCIX: 
R e c a l c u l a t e d t o 100 wt.% o£ t h e bulk components of 
i '^Or, H p 0 + a r i t i C 0 ? ^ n D a k a n K ° t r a P h o s p h o r i t e . 
o . I ' c . P o 0 c H_0+ CO 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
16 
17 
1 8 
19 
20 
38 .22 
30 .66 
46 .97 
42 .83 
5 2 . 1 0 
3 0 . 5 1 
25 .82 
12 .38 
1 5 . 0 8 
57.86 
2 5 . 8 1 
26 .43 
26 .48 
35 .86 
31 .17 
52 .85 
57 .76 
0 .43 
3 .48 
1.52 
2 .59 
6 . 4 0 
9 .77 
1 0 . 3 8 
1 5 . 1 5 
8 .30 
8 .07 
14 .17 
1 6 . 8 0 
1 6 . 4 0 
13 .64 
1 5 . 7 1 
2 .64 
9 . 0 1 
6 1 . 3 5 
6 5 . 8 5 
51 .50 
54 .58 
4 1 . 5 0 
59 .72 
6 3 . 8 0 
7 2 . 4 7 
7 6 . 6 2 
34 .07 
6 0 . 0 2 
56 .77 
57 .12 
5 0 . 5 0 
5 3 . 1 1 
4 4 . 5 1 
3 3 . 2 3 
TABLE XL 
Recalculated to 100 wt.% 
K_0, Al_0, and Sio. in 
;.Mo. 
2 
3 
5 
6 
7. 
9 
13 
16 
17 
18 
20 
K20 
0.24 
0.51 
0.34 
0.42 
1.12 
0.96 
0.58 
0.29 
0.56 
0.52 
0.28 
if the bulk constituents of 
Jakan Kotra Phosphorites 
bi
°2 
4.57 
5.98 
1.19 
2.18 
16.24 
9.10 
3.38 
1.96 
3.73 
3.09 
2.55 
95.19 
93.50 
98.47 
97.39 
82.64 
89.94 
96.04 
97.74 
95.70 
96.39 
97.17 
TABLE XLI 
Trace ana lyses of Matoon Phosphor i t e samples 
Cu 
Ni 
Co 
P b 
Zn 
Cr 
S r 
Ab 
V 
L i 
Cd 
Ag 
G a 
1 
122 
143 
5 
-
6 0 
265 
49 
8 
144 
12 
C5 
< 5 
_ 
4 
3 0 
-
-
20 
134 
-
426 
4 
6 1 
2 
£ 5 
< 5 
_ 
5 
_ 
-
-
18 
164 
32 
237 
13 
64 
5 
<5 
C5 
_ 
6 
... 
-
-
29 
153 
132 
175 
10 
47 
8 
<5 
<5 
_ 
8 
_ 
-
-
30 
133 
-
334 
8 
16 
6 
45 
CS 
_ 
10 
mm 
12 
-
32 
1 5 0 
-
188 
1 1 
20 
9 
45 
4 5 
— 
12 
M 
-
-
9 
1 4 0 
45 
250 
9 
20 
8 
45 
4 5 
— 
13 
mm 
-
-
124 
123 
54 
286 
8 
29 
3 
45 
4 5 
— 
16 
mm 
-
-
-
117 
-
314 
6 
4 5 
3 
£ 5 
4 5 
— 
21 
12 
-
-
2 6 0 
203 
270 
306 
6 
27 
1 
4 5 
4 5 
— 
U95 .005 .005 .005 .007 .005 .006 .007 . 008 .005 .007 
ThV - . 001 - .003 .001 .002 .001 .002 
( C o n t d . ) 
T a b l e XLI ( C o n t d . ) 
24 25 27 30 31 34 40 43 47 48 49 
Cu 
Ni 53 
Co 
Pb 120 
Zn 153 
Cr 86 
Sr 254 
Rb 5 
V 30 
Li 5 
Cd 4 5 
Ag < 5 
Ga 
U% .005 
Th% . 0 0 1 
55 
24 
5 
285 66 
168 133 
38 • 102 
300 334 
6 5 
333 
3 5 
<5 C5 
<5 < 5 
.005 .008 
.002 
6 
23 27 
53 27 
161 120 
98 270 
250 250 
8 10 
6 7 
45 45 
<5 <5 
.005 .005 
30 
78 33 
48 22 
50 38 
124 94 
265 223 
14 5 
7 4 
45 45 
<5 <5 
.007 .005 
.002 
12 
17 27 
26 88 
23 200 
72 167 
517 380 
5 6 
32 
1 18 
45 45 
4 5 45 
6 
.005 .005 
52 80 
48 22 
7 13 
120 310 
52 20 
152 142 
363 275 
8 8 
25 20 
15 13 
4 5 4.5 
8 15 
20 
.007 . 005 
. 001 
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Table XLIV Comparison of the abundance of trace elements 
in phosphorites. 
Elements 
Ag 
Cd 
Co 
Cr 
Cu 
Ga 
Li 
Ni 
Pb 
Rb 
Sr 
Th 
u 
V 
Zn 
I 
5.60 
5.00 
1.43 
102.00 
19.00 
1.23 
6.70 
23.28 
80.33 
7.76 
284.50 
0.76 
5.80 
28.71 
118.80 
II 
5.00 
5.18 
4.76 
57.7 
22.47 
-
4.76 
24.40 
32.40 
13.35 
165.33 
0.70 
5.40 
54.41 
60.23 
III 
7 
-
-
30-400 
4-40 
-
-
4-200 
-
-
50-1000 
-
-
20-200 
10-200 
IV 
3 
-
_ _ 
1000 
100 
-
-
100 
-
-
1000 
-
90 
300 
300 
V 
1.0-50 
1.0-10 
0.6-11.8 
7.0-1600 
0.6-394 
-
1.0-10 
1.9-30 
0.0-100 
0.0-100 
1800-2000 
5.0-100 
8.0-1300 
20-500 
4.0-345 
I Average of twenty-one phosphorite samples from Matoon. 
II Average of seventeen phosphorite samples from Dakan 
Kotra. 
Ill Average computed by Kranskopf (1955). 
IV Threshold values for phosphoria formation according 
to Gulbrandsen (1966). 
V Average computed by Tooms et al. (1969) using data 
compiled by Swaine (1962). 
w 
0 
•H 
•y 
u 
\ 
•H 
2 
\ 
2 
2 
I 
O 
H 
X 
cn 
o\ 
t 
CM 
8 
I ro ro en en en 
X 
CM 
O 
ro 
I 
O 
r-l 
X 
CM 
o 
•H 
X 
vO 
ro 
O 
•H 
X 
vO 
• > * 
O 
H 
X 
in 
en 
O 
r-t 
X 
o 
en 
o 
r-t 
X 
cn 
o 
o 
f H 
X 
p~ 
o 
o 
«-i 
X 
r-l 
CO 
ro 
O 
• 
o 
H H CM CM vO CO CO 
ro ro 
X 
vO 
CO 
X 
ro 
m 
en ro ro ro 
X 
CM 
in 
O 
HI 
X 
ro 
en 
O 
r-t 
X 
• H 
CM 
O 
H 
X 
ro 
X 
CM 
1-1 
I o 
r-l 
X 
o 
ro 
I 
O 
r-t 
X 
r» 
in 
o CM CO ro 
2 
2 
n 
<D 
•P 
-H 
U 
0 
& 
I 
S 
* 0 i n +> 
° C M | 
> it 
t 
> 
u 
< 
2 
in 
O 
CM 
> 
> 
CO 
X 
o 
in 
ro 
I 
X 
o 
\0 
I 
o 
r - l 
X 
ft 
en 
in 
I 
O 
i-l 
X 
CM 
en 
CM 
in 
O 
• 
o 
ro 
1 
O 
r-4 
X 
o GO 
t 
1 
o •H 
X CO 
• ^ 
ro 
1 
O 
r-l 
X 
m 
r-t 
en 
1 
O 
r-t 
X 
1 0\ 
CO 
ro 
I 
X 
CO 
ro 
o 
r-t 
X 
CM 
CO 
I 
X 
CM 
CO 
I 
CM CM 
X 
cn 
r» 
• 
in 
CM 
o 
• 
O 
ro 
1 
O 
r-l 
X 
vO 
ro 
ro 
1 
O 
H 
X 
ro 
O 
ro 
1 
O 
r-t 
X 
1 vO 
o 
ro 
1 
O 
H 
X 
vO 
vO 
«# 
1 
o r-t 
X 
r» C0 
in 
I 
O 
r-t 
X 
ro 
vO 
I 
O 
•-• 
X 
cn 
CM 
ro 
I 
O 
r-t 
X 
CM ro 
ro 
O 
i-l 
X 
r-t 
cn 
cn 
<* 
1 
o r-t 
X 
•tf 
H 
in 
I 
o r-t 
X 
1 CO 
CO 
•<* 
1 
o r-t 
X 
<tf 
o 
"* 
1 
o r-l 
X 
m ro 
CM m 
ro 
'o 
, 3 
in 
i-i 
(0 
< 
> 
u 
ro 
1 
O 
rH 
X 
ro 
ro 
ro 
1 
O 
r-t 
X 
CO 
CO 
• < * 
1 
o H 
X 
o CO 
ro 
1 
O 
r-t 
X 
CO 
tn 
-i> 
1 
O 
r-t 
X 
1 "* 
ro 
CM CM ro cn 
ro 
I 
O 
r-t 
X 
cn 
in 
• 
ro 
0 
2 
c/J 
i n o H 
r-l 
CM 
<3« 
CM 
l> 
CM o ro 
H 
ro 
<# 
ro 
O 
<tf 
ro 
"* 
P» 
•<* 
CO 
^ 
en 
^ 
TABLE XLVI 
C o / N i , Zn /Pb , Z n / F e , Zn/CaO, C r / A l , S r / C a O and R b / S r 
R a t i o s f o r Matoon P h o s p h o r i t e s 
S.No. Co/Ni Zn/Pb Zn/Fe Zn/CaO C r / A l Sr/CaO Ro /S r 
1 
4 
5 
6 
8 
10 
12 
13 
16 
21 
24 
25 
27 
30 
31 
34 
40 
43 
47 
48 
49 
-
-
-
-
-
-
-
-
-
-
-
-
0.21 
-
-
-
— 
-
-
0.15 
0.59 
-
6.70 
9.11 
5.28 
4.43 
4.69 
15.56 
0.99 
-
0.78 
1.28 
0.59 
2.01 
3.04 
4.44 
1.04 
1.73 
0.88 
2.27 
0.43 
0.06 
1.26X10"3 
4.47xl0~3 
6.53xl0~3 
7.15X10**3 
3.87x10*"3 
8.77x10"3 
0.03 
0.02 
9.29xlO~3 
0.02 
5.93xlO~3 
0.01 
8.1lxl0~3 
0.02 
0.01 
3.9lxl0"3 
9.29X10"4 
1.19. 10~3 
6.00x10""3 
1.56X10"3 
4.00x10" 
3.67x10"4 
3.57x10"4 
4.35x10"4 
4.19X10"4 
3.28xl0~4 
4.22x10"4 
3.95x10"4 
2.62xl0~4 
2.55x10"4 
5.71xl0~4 
3.92xl0"4 
4.00x10"4 
3.75x10"4 
4.20x10""4 
2.95xl0~4 
1.29xl0~4 
1.26X10"4 
5.34x10~5 
4.97xlO"4 
1.30xlO"4 
6.60xl0"5 
9.40x10~3 
-
1.28X10"3 
2.60xl0~3 
-
-
1.3Oxl0~4 
6.35xlO"3 
-
-
9.56xlO-3 
5.21xlO~3 
-
-
0.16 
0.01 
2.93xl0~3 
-
0.17 
-
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1.14X10"3 
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7.15xlO"4 
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6.52X10""4 
6.15xlO~4 
6.86xlO~4 
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1.20X10"3 
9.45x1O"4 
9.05x1O"4 
9.07xlO~4 
0.37 
9.40x10' 
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0.04 
0.03 
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TABLE L 
r t b / S r , Rb /Al , K/Rb, V / P 2 0 5 , V / A I , Li /Mg and Tu/U r a t i o s f o r 
Dakan K o t r a P n o s p h o r i t e s . 
a . N o . 
2 
3 
4 
5 
o 
7 
8 
9 
i. o 
11 
13 
15 
16 
17 
18 
19 
20 
d b / S r 
6 . 5 4 X 1 0 " 3 
9 . 6 2 x 1 0 ~ 3 
0 . 0 4 
0 . 0 8 
0 . 1 3 
0 . 0 3 
0 . 0 7 
0 . 0 4 
0 . 06 
0 . 0 5 
9 . 6 2 x 1 0 " 3 
J . 04 
0 . 0 6 
o.os 
0 . 0 5 
0 .03 
0 .04 
AO/AL 
1 . 2 9 x l 0 ~ 4 
8 . 5 4 K 1 0 " 5 
8 . 3 9 x 1 0 " 4 
0 . 0 1 
7 . 7 4 x 1 0 " 3 
3 . 2 1 x l O ~ 4 
-
7 . 0 6 X 1 0 " 4 
_3 
1 . 2 2 x 1 0 
-
2 . 8 6 x 1 0 " 4 
1 . 1 9 x l O ~ 3 
2 . 2 5 x l O - 3 
2 . 0 0 X 1 0 - 3 
3.33X10*"3 
— 
5 . 5 5 x l 0 " 3 
K/Rb 
4 0 
56 
-
29 
30 
44 
10 
56 
-
-
29 
-
32 
33 
10 
25 
25 
V / P 2 O 5 
4 . 9 8 x 1 0 " * 4 
5 . 3 l x l 0 " 4 
5 . 1 7 x l 0 ~ 4 
5 . 2 1 x 1 0 " 4 
4 .23x lO"* 4 
4 . 1 0 x l O " 4 
5 . D 9 X 1 0 ~ 4 
1 . 1 3 x l O - 3 
8 . 2 8 x 1 0 " 4 
2 . 7 2 X 1 0 " 4 
3 . 3 0 x 1 0 " 4 
3 . 5 4 x l 0 ~ 4 
3 . 7 1 x l 0 " 4 
2 . 8 0 x 1 0 " 4 
4 . 0 9 x l 0 ~ 4 
l . o o x l O " 4 
1 . 7 8 x l 0 " 4 
V / r t l 
9 . 7 4 x 1 0 " 
5 . 4 7 x 1 0 " 
9 . 2 4 x 1 0 " 
0 . 0 7 
0 . 0 3 
3 . 1 9 x 1 0 " 
-
6 . 2 3 x 1 0 " 
7 . 4 4 x 1 0 " 
-
0 . 0 1 
5 . 9 7 x 1 0 " 
9 . 5 0 x 1 0 " 
0 . 0 1 
0 . 0 2 
-
0 . 0 2 
-3 
-3 
-3 
-3 
-3 
• 3 
•3 
• 3 
L i / M g 
1 . 2 7 x l O " 4 
l .OOxlO"" 4 
4 .49X10"" 4 
1 . 9 6 X 1 0 " 4 
7 . 7 4 x l 0 ~ 5 
5 . 9 8 x 1 0 " 5 
6 . 2 8 x l 0 ~ 5 
1 . 6 9 x l O ~ 5 
1 . 7 6 x l 0 " 5 
4 . 4 5 x l 0 " 5 
4 . 9 5 x l 0 ~ 5 
5 . 0 2 x l O ~ 5 
3 . 8 9 X 1 0 " 5 
5 . 3 4 x l 0 ~ 5 
6 . 9 9 x l 0 - 5 
2 . 2 7 x l 0 " 4 
2 . 0 7 x 1 0 " 4 
Th/LT 
0 . 2 5 
0 . 28 
0 . 2 0 
-
-
0 . 3 7 
0 . 2 8 
0 . 2 8 
-
-
-
-
-
-
-
-
_ 
TA3LE L I 
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